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PREFACE. 


It  has  been  the  endeavor  of  the  authors  to  set  forth,  m 
the  following  pages,  m  a  concise  way,  the  fundamental  prin- 
ciples which  are  involved  in  the  application  of  electricity  to 
medical  and  surgical  practice. 

The  authors  are  well  aware  that  the  study  of  electricity 
presents  many  difficulties,  and  that  to  arrive  at  a  practical 
knowledge  of  the  subject  (which  is,  without  question,  the 
knowledge  demanded  by  the  physician)  whatever  reading  is 
undertaken  should  be  supplemented  by  as  much  work  as  pos- 
sible in  the  laboratory.  The  time  requu'ed  for  an  apprentice- 
ship of  this  kind  is,  however,  greater  than  the  inclination,  and, 
indeed,  the  duties,  of  the  medical  practitioner  will  permit.  A 
treatise  on  medical  electricity,  therefore,  to  be  of  any  value  to 
the  physician  or  the  medical  student,  should  be  eminently  prac- 
tical, and  should  deal  with  such  matters  only  as  have  a  direct 
bearing  upon  the  requirements  of  the  practitioner.  The  book 
should  be  free  from  unnecessary  technicalities,  and  only  so  much 
attention  should  be  devoted  to  theory  as  is  demanded  in  the  ex- 
planation of  such  phenomena  as  are  presented  in  the  medical 
and  surgical  uses  of  electricity. 

The  subject  of  electro-static  machines,  of  batteries  (pri- 
mary and  secondary),  of  galvanometers,  of  various  forms  of 
resistance-coils  (rheostats),  etc.,  should  be  treated  at  length; 
while,  on  the  theoretical  side,  the  same  thing  should  be  done  in 
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regard  to  Ohm's  and  Kirchhoif 's  laws,  to  the  best  arrangement 
of  cells  in  batteries,  etc. 

In  the  discussion  of  electro-static  machines  the  laws  of  the 
mutual  action  of  bodies  in  a  state  of  electrification  are  neces- 
sarily involved,  so  that  these  laws  must  have  been  previously 
clearly  presented,  and  the  same  is  true  in  the  explanation  of  the 
action  of  various  other  kinds  of  electrical  apparatus.  Hence, 
in  order  to  understand  the  working  of  even  the  simplest  forms 
of  electrical  appliances,  considerable  attention  must  be  first 
devoted  to  the  study  of  the  elementary  principles  of  electrical 
action. 

These  statements  are  made  in  view  of  a  possible  complaint 
that  too  much  space  has  been  given  up  to  the  discussion  of 
electro-static  machines.  In  further  denial  of  the  justice  of  such 
a  criticism,  it  may  be  stated  that  there  is  a  very  distinct  corre- 
lation between  the  phenomena  dealt  with  in  electro-statics  and 
those  met  with  in  magnetism  and  electro-magnetism.  Hence  it 
is  that  many  phenomena  have  simply  to  be  translated,  as  it 
were,  from  the  language  of  electro-statics  into  the  language  of 
magnetism,  the  explanation  remaining  substantially  the  same. 
In  consequence,  time  devoted  to  the  study  of  one  branch  of  the 
subject  is  so  much  time  that  can  be  saved  in  the  study  of  the 
other. 

The  present  volume  has  been  divided  into  three  parts,  the 
first  dealing  with  electricity  and  magnetism  only,  the  second 
with  electro-physiology  and  electro-diagnosis,  and  the  third 
with  the  applications  of  electricity  and  magnetism  to  medical 
and  surgical  practice. 

In  Part  I  are  discussed  the  various  forms  of  electrical  and 
magnetic  apparatus  likely  to  be  of  use  to  the  physician  in  his 
daily  experience  with  electricity,  as  well  as  the  most  suitable 
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arrangement  of  cells  for  any  given  work,  the  construction  and 
use  of  galvanometers,  the  theory  of  the  chemical  actions  taking 
place  in  the  storage-cell  or  accumulator,  and  the  best  methods 
of  caring  for  such  batteries. 

A  short  description  of  the  electric  motor,  the  telephone, 
and  phonograph  is  added,  as  all  these  appliances  are  continu- 
ally, as  time  goes  on,  becoming  of  more  value  to  the  physician, 
either  in  the  treatment  or  in  the  diagnosis  of  disease. 

Part  II  takes  up  first  the  effects  of  electric  currents  upon 
the  various  tissues  and  organs  of  the  body  in  health,  then  shows 
how  these  effects  are  modified  by  disease,  and  indicates  the 
methods  by  which  these  modifications  are  utilized  for  purposes 
of  diagnosis.  A  chapter  follows  descriptive  of  the  various  ap- 
pliances most  useful  in  electro-therapeutic  work,  which  may  be 
considered  as  immediately  introductory  to  the  section  on  electro- 
therapeutics. 

In  Part  III  the  applications  of  electricity  in  the  treatment 
of  disease  are  considered.  The  methods  by  which  electricity  is 
made  available  for  therapeutic  purposes  are  described,  and  in 
subsequent  chapters  the  modes  of  application  of  this  agent  in. 
the  treatment  of  the  diseases  of  the  various  organs  is  indicated. 
Particular  attention  has  been  given  to  the  applications  of  elec- 
tricity in  gynaecology,  the  diseases  of  the  male  genito-urinary 
organs,  and  in  diseases  of  the  skin. 

The  illustrations  in  Part  I  are  mostly  original ;  of  those  in 
Parts  II  and  III,  Figs.  134,  135,  136,  164  and  165  are  from 
Erb's  "Elektrotherapie;"  Figs.  138  to  163,  from  von  Ziemssen's 
classical  "  Elektricitat  in  der  Medicin;"  166  and  167,  from 
Gowers'  "Diseases  of  the  Nervous  System;"  168  and  234,  from 
Lewandowski's  " Elektrodiagnostik  und  Elektrotherapie;"  and 
222  from  Dr.  Ranney's  work  on  "Nervous  Diseases."     Figs. 
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169  to  175  and  Fig.  177  are  taken  from  an  article  by  Dr.  Hos- 
well  Park,  in  the  "  Annals  of  Surgery,"  and  were  reproduced 
by  permission  of  the  editor.  Dr.  L.  S.  Pilcher.  The  plates 
facing  page  373  are  reproduced  from  the  "Atlas  des  Maladies 
de  la  Peau,"  of  Prof  Sylva  Araujo. 

The  authors  have  endeavored  to  place  in  the  hands  of  the 
student  and  practitioner  an  intelligible  account  of  the  science 
of  electricity,  and  a  trustworthy  guide  to  its  applications  in  the 
practice  of  medicine  and  surgery.  Whether  they  have  succeeded 
they  now  leave  to  the  judgment  of  the  reader. 

Baltimore,  January  1,  1890. 
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Electricity  and  Magnetism. 
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CHAPTER  I. 

Electricity. 


The  groundwork  upon  which  are  based  the  modern  theories 
of  electricity  and  magnetism  is,  as  in  all  physical  sciences,  an 
experimental  one,  and  though  theories  may  change  from  time 
to  time,  in  accordance  with  increased  and  more  accurate  knowl- 
edge of  the  subject,  the  fundamental  laws  of  electrical,  and  of 
magnetic  ac'cions  as  well,  must  always  remain  invariable.  The 
laws  have  for  the  greater  part  resulted  from  careful  investiga- 
tions and  well-directed  experiments  carried  on  in  the  laboratory 
and  workshop,  and  are  therefore  completely  independent  of  any 
hypotheses  regarding  the  nature  of  electricity  and  of  magnetism 
themselves.  They  remain  the  same  whether  there  are  two 
"  electric  fluids,"  or  one  electric  fluid,  or  no  fluid  at  all  to  be 
considered. 

It  is  therefore  quite  unnecessary  to  attempt  a  definition  of 
electricity  or  of  magnetism,  however  desirable  such  a  definition 
may  be  and  however  soon  it  may  become  a  possibility.  In 
the  present  state  of  science  it  is  impossible  to  say  what  electricity 
is,  but  many  of  the  laws  which  it  obeys  are  well  known,  and  a 
consideration  of  some  of  these  laws  and  a  description  of  such 
electrical  phenomena  as  have  a  direct  bearing  upon  the  subject 
of  medical  electricity  will  be  enough  to  attempt  for  the  present. 

(3) 
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By  a  common  acceptation  electricity  has  been  called  a  fluid, 
and  if  we  are  careful  to  remember  that  the  term  is  used  merely 
for  convenience  we  shall  not  be  led  into  error  by  adopting  it 
in  what  follows. 

Static  Electricity. — The  idea  of  two  fluids  has  arisen  from  a 
consideration  of  the  opposite  properties  exhibited  by  certain 
bodies  when  rubbed  together.  When,  for  example,  a  piece  of 
glass  and  a  stick  of  resin,  or  a  piece  of  ebonite  (vulcanized 
India  rubber)  and  a  silk  rag,  are  rubbed  together  and  approached 
toward  some  small  fragments  of  paper,  the  paper  shreds  will  be 
seen  to  move  under  the  action  of  the  excited  glass  or  vulcanite. 
The  particles  of  paper  will  be  attracted  by  the  glass  rod,  and 
some  will  adhere  to  it  for  a  few  moments  and  then  drop  away. 

The  condition  of  the  glass  or  vulcanite  rod  under  these 
circumstances  is  referred  to  as  electrification^  and  the  agent 
which  produces  the  observed  effects  is  called  electricity* 

If  we  should  construct  a  sufliciently  delicate  apparatus  for 
the  purpose  of  testing  the  action,  we  should  find  that  if  the 
glass  exerted  an  attractive  influence  the  resin  would  exert  an 
opposite  influence,  i.e.,  it  would  repel.  We  should  find  in  the 
same  way  that  two  pieces  of  glass  which  had  been  rubbed  with 
resin  would  repel  each  other,  that  the  two  sticks  of  resin  would 
act  in  a  similar  way,  but  that  the  glass  and  resin  would 
mutually  attract  each  other. 

This  shows  us  that  the  bodies — glass  and  resin — have  ac- 
quired opposite  properties,  and,  therefore,  if  we  call  the  electri- 
fication of  one  of  them  positive  we  must  call  that  of  the  other 
negative.,  though  it  is  purely  a  matter  of  convention  which  par- 
ticular state  shall  be  positive  and  which  negative. 

In  order  to  avoid  confusion  it  has  been  decided  to  call  the 


*  Electricity  at  rest — in  equilibrium — is  called  static  electricity.  This  we  have  to  deal  with 
in  all  cases  in  which  bodies,  having  become  electrified,  are  removed  from  the  influence  of 
disturbing  causes. 

Electricity  in  motion,  i.e.,  electrification  in  its  passage  from  one  point  to  another,  is  called 
dynamical  electricity. 

In  general,  the  two  branches  of  study  dependent  upon  these  conditions  of  electrification  are 
referred  to  as  electro-statics  and  electro-dynamics. 
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electrification  of  glass,  when  rubbed  with  resin,  positive,  or 
vitreous  electrification,  and  that  of  resin  negative,  or  resinous 
electrification. 

Electrical  Scale. — Many  other  bodies  besides  those  men- 
tioned are  found  to  acquire  similar  properties  when  rubbed 
together,  and  by  experiment  it  has  been  shown  that,  though  one 
of  the  bodies  is  always  positively  electrified  and  one  negatively, 
the  sign  itself  is  not  determinate  for  any  one  body,  but  depends 
upon  the  substance  by  which  it  has  been  excited.  Thus,  in  the 
case  of  glass  it  has  been  observed  that,  although  when  rubbed 
with  resin  it  becomes  positively  electrified,  when  rubbed  with 
the  fur  of  a  cat's  skin  it  is  negatively  electrified. 

In  this  way  it  has  become  possible  to  arrange  a  number  ^f 
substances  in  a  scale,  such  that  a  body  taken  at  random  in  the 
scale  will  be  negatively  electrified  when  rubbed  with  any  sub- 
stance which  precedes  it  in  the  list,  and  positively  when  excited 
by  any  body  following  it. 

Cats'  fur.  Wood. 

Polished  glass.  Paper. 

Woolen  articles.  Silk. 

Leather.  Shellac,  etc. 

"Equal  Quantities  of  Positive  and  Negative  Electricity,  and 
Value  of  Force  Acting. — If  we  had  been  able,  in  the  experiment 
just  described,  to  determine  the  relation  between  the  electricities 
on  glass  and  resin,  to  measure  also  the  value  of  the  influence 
exerted  by  each  body  separately,  we  should  have  found  that 
they  were  identical  in  absolute  amount.  We  should  have  found 
that  the  quantity  of  electricity  on  the  glass  rod  was  exactly 
equal  to  the  quantity  on  the  stick  of  resin,  though  of  opposite 
sign ;  that  is,  the  total  electrification  on  any  two  bodies  which 
have  been  rubbed  together  is  zero,  having  due  regard  to  signs. 
There  are  two  methods  of  determining  the  value  of  the  force 
exerted  between  two  charged  bodies.  One  method  depends 
upon  the  fact  first  observed  by  Faraday,  that  there  is  no  elec- 
trical force  within  a  charged  hollow  metallic  vessel,  provided  no 
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charged  bodies  are  placed  ivithin  it.  Starting  from  this  it  can 
be  shown  that  the  force  between  two  bodies  charged  with  elec- 
tricity is  proportional  to  the  square  of  the  distance  separating 
them. 

The  other  method  is  to  actually  measure  the  force,  as  Cou- 
lomb did,  with  the  aid  of  an  apparatus  known  as  a  torsion  balance 
(Fig.  1),  though  the  method  is  not  extremely  accurate.  Coulomb 
found,  however,  that,  as  a  result  of  his  investigation,  the  force 
exerted  between  two  small  spheres  charged  with  electricity  was 
proportional  to  the  product  of  the  charges — that  is,  the  product 
of  the  quantities  of  electricity  on  each — divided  by  the  square 
of  the  distance  between  their  centres.  If,  for  instance,  we  call 
tl«e  charge  of  one  body  E,  and  that  of  the  other  E',  and  place 
them  at  a  distance  apart  equal  to  B,  then  the  force  between 
them,  measured  in  certain  units,  is 

F= 

We  can,  therefore,  double  the  force  by  doubling  the  quan- 
tity of  electricity  on  one  of  the  spheres  or  the  other.  Thus,  if 
one  sphere  had  a  charge  2  E,  the  other  having,  as  before,  the 
charge  E',  the  force  would  become 

2  E  E' 

If,  however,  we  had  halved  the  distance  between  the  centres 
of  the  small  globes  the  force  would  have  been 

E  E'         ,  E  E' 

or  ^  

{^!2Y  R^ 

that  is,  four  times  as  great  as  before.  In  the  above  examples  we 
have  supposed  the  bodies  to  have  positive  charges,  and  the 
forces  measured  would,  therefore,  be  repulsive. 

Conductors  and  Non-Conductors. — Let  us  go  back  for  a 
moment  to  the  fundamental  experiment  by  which  electricity  was 
produced,  of  rubbing  two  bodies  together ;  but,  let  us  substitute 
a  metal  rod  for  the  glass  rod.     Under  these  circumstances  no 
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electrification  will  be  observed;  even  after  the  most  violent 
friction  the  metal  and  silk  will  both  apparently  be  unaifected. 
If,  however,  we  had  taken  the  precaution  of  fastening  a  glass 
handle  to  the  metal  rod,  and  had  been  careful  not  to  touch  the 
metal  with  the  hand,  a  very  sensible  electrification  would  have 
been  produced.  The  same  phenomenon  would  have  been  ob- 
served, no  matter  what  metal  we  had  used,  provided  it  had  been 
attached  beforehand  to  a  rod  of  glass,  resin,  ebonite,  sulphur, 
etc.,  etc.  Tliis  shows  us  that  there 
is  a  very  marked  difference  in  the 
ability  possessed  by  bodies  of  keeping 
on  themselves  electrical  charges.  It 
shows  us  that  the  metals,  though 
capable  of  frictional  electrification, 
are  not  capable,  under  ordinary  cir- 
cumstances, of  retaining  a  charge  of 
electricity.  It  further  shows  us  that 
the  human  body  partakes  somewhat 
of  this  property  of  metals,  in  that  it 
allows  electricity  to  pass  through  it. 
We  see,  then,  that  bodies  may  be 
broadly  divided  into  two  groups,— 
those  which  retain  electricity  on 
themselves,  and  those  which  allow  it 
to^  flow  off.  The  latter  are  called 
CONDUCTORS,  the  former  non-conductors  or  insulators.  As  in 
most  classifications,  however,  so  in  this  case,  the  distinction  be- 
tween the  classes  of  bodies  fades  away  at  certain  points.  If  we 
should  arrange  all  known  substances  in  the  order  of  their  con- 
ducting power  we  should  find,  at  some  place  in  the  list  thus 
formed,  a  number  of  substances  which  might  be  called  indiscrimi- 
nately either  poor  conductors  or  good  insulators,  just  as  in  chem- 
istry there  are  certain  elements  which  strictly  belong  neither  to  the 
group  of  metals  nor  to  the  group  of  non-metals,  and,  in  biology, 
living  things  which  are  neither  of  animal  nor  of  vegetable  origin, 
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Fig.  1.— Coulomb's  Toksion 
Balance. 
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but  are  allied  to  both  groups.  For  practical  purposes,  however, 
the  line  of  separation  is  broad  enough,  and  the  following  tables 
show  with  sufficient  accuracy  the  order  of  a  number  of  sub- 
stances arranged  according  to  their  conducting  or  insulating 
power : — 


CONDUCTORS. 

1.  All  metals. 

6. 

Metallic  ores. 

2.  Charcoal, 

•7. 

Sea-water. 

3.  Plumbago. 

8. 

Rain-water. 

4.  Dilute  acids. 

9. 

Living  animals. 

5.  Saline  solutions. 

10. 

Flame,  etc. 

NON-CONDUCTORS. 

1.  Shellac. 

10. 

Gutta-perclia. 

2.  Amber. 

11. 

Silk. 

3.  Resins. 

12. 

Marble. 

4.  Sulphur. 

13. 

Camphor. 

5.  Wax. 

14. 

Chalk. 

6.  Glass. 

15. 

Lime. 

7.  Mica. 

16. 

Oils. 

8.  Diamond. 

17. 

Metallic  oxides,  etc. 

9.  Ebonite. 

Induction. — Let  us  observe  the  effect  of  suspending  a  glass 
rod,  which  has  been  rubbed  with  a  silk  handkerchief,  within  a 
hollow  metallic  vessel  (Fig.  2),  which  completely  surrounds  it, 
the  vessel  itself  being  suspended  by  silk  cords  or  supported  by 
glass  rods,  ^.e.,  insulated.  We  shall  now  observe  that  the  out- 
side of  the  vessel  has  become  charged  with  electricity  of  the 
same  kind  as  that  on  the  glass  rod  suspended  within  it,  ^.e., 
positive,  and  that  the  inside  has  a  charge  equal  and  opposite  to 
the  external  charge.  If  the  glass  rod  be  removed,  no  electrifica- 
tion can  be  observed  on  the  vessel,  inside  or  outside.  This  phe- 
nomenon, which  takes  place  through  empty  space,  is  called 
induction,  and  the  electrification  of  the  vessel  is  said  to  be 
caused  by  induction. 

The  silk  handkerchief  being  awkward  for  experiment,  let 
us  next  rub  a  piece  of  resin  with  a  glass  rod  and  suspend  first 
the  glass  rod  within  the  vessel.     If  we  move  the  glass  around 
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inside  the  metal  case,  always  keeping  it  insulated  and  not  allow- 
ing it  to  touch  the  sides  of  the  vessel,  we  shall  observe  no  differ- 
ence in  the  charge  outside,  no  matter  whether  the  rod  is  near 
the  metal  sides  or  far  away.  Now  bring  the  stick  of  resin  also 
inside  the  vessel  (Fig.  3) ;  all  signs  of  electrification  will  imme- 
diately disappear  from  the  outside;  which  shows  us  that  not  only 
are  the  charges  on  the  glass  and  resin  of  opposite  sign,  but  that 
they  are  numerically  equal. 

Let  us  repeat  the  experiment,  but  now,  before  removing 
the  glass  rod  from  inside,  let  us  connect  the  vessel  by  means  of 
a  copper  wire  with  any  very  large  metallic  object,  or  even  with 
the  earth.     Make  a  momentary  contact,  then  break  the  con- 


© 


Fig.  2. 


Fig.  3. 


nection*  and  keep  the  vessel  insulated.  The  outside  of  the 
vessel  will  be  without  charge,  but  on  removing  the  glass  rod  a 
negative  charge  will  appear  on  its  surface  equal  in  amount  to 
the  former  positive  charge.  The  metallic  object  has  received 
the  latter  charge,  and  it  is  said  to  have  been  electrified  by  con- 
duction, its  charge  having  been  communicated  to  it  through  the 
copper  wire. 

A  body  is  charged  by  conduction,  then,  when  its  electricity 
is  conveyed  to  it  through  a  metallic  connection,  and  it  is  charged 
by  induction  when  the  electricity  upon  it  is  the  result  of  the 


*  It  is  usual  to  call  the  complete  path  through  which  the  current  flows  from  its  source  back 
again,  the  "electric  circuit."  This  may  be  composed  of  wires,  of  sheets  of  metal,  of  batteries, 
etc.,  etc.,  but  the  whole  taken  together  forms  the  "circuit," 
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action  of  surrounding  bodies,  the  action  taking  place  through 
the  intervening  medium  and  at  a  distance. 

We  noticed  that  when  the  sphere  was  discharged,  the  glass 
rod  being  suspended  within  it,  another  but  opposite  charge  ap- 
peared on  the  surface  when  the  glass  was  afterward  removed. 
This  shows  us  that  when  there  are  no  charged  bodies  within  the 
conductor  its  own  charge  is  entirely  on  the  surface.  The  same 
experiment  furnishes  us  with  the  best  proof  that  equal  and 
opposite  states  of  electrification  are  always  produced  at  the  same 
time.  For  if  the  glass  rod  liad  been  more  heavily  charged  than 
the  resin  the  electrification  on  the  outside  of  the  surrounding 
vessel  would  have  been  positive,  and  if  the  resin  had  had  the 
greater  charge  it  would  have  been  negative  instead  of  being  as 
it  was, — zero. 


+ 


Fig.  4.  Fig.  5. 

Distribution  of  Electricity  over  the  Surface  of  Conductors. — 

If  we  charge  an  insulated  conductor  by  induction,  one  end  will 
have  a  positive  charge  and  the  other  end  a  negative  charge,  the 
electricity  being  distributed  in  greater  quantity  (per  unit  area) 
at  the  nearest  and  most  distant  points,  relatively  to  the  inducing 
body  (Fig.  4).  At  some  point  {B)  between  the  ends  there  will 
be  no  electrification  whatever.  In  the  figure,  A  is  the  inducing 
body,  supposed  to  be  positively  charged,  and  B  is  the  insulated 
metal  rod.  The  distribution  of  electricity  under  these  circum- 
stances will  be  something  like  that  shown  in  Fig.  5,  in  which 
the  shaded  portion  about  the  rod  represents  the  fictive  layer  of 
electricity. 

Faraday's  Views,  and  Lines  of  Force. — We  may  regard  the 
phenomena  of  induction  and  of  electrical  attraction  and  repul- 
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sion  in  either  of  two  ways :  We  may  suppose  tliem  the  result  of 
a  direct  action  at  a  distance,  or  we  may  suppose  that  the  influ- 
ence is  exerted  between  contiguous  molecules  of  the  surround- 
ing medium.  In  the  latter  case  the  medium  plays  a  very  im- 
portant part.  Both  views  are  held,  but  the  latter  far  more  gen- 
erally at  present  than  the  former ;  and  it  is  undoubtedly  better 
adapted  to  the  explanation — without  the  use  of  mathematical 
symbols — of  the  various  problems  we  shall  have  presented  to 
us.  Faraday,  in  his  exhaustive  work  in  electricity,  was  the  first 
to  recognize  the  importance  to  be  attached  to  the  medium  in 
transmitting  electrical  actions  from  one  body  to  another,  and  he 
pictured  to  himself  the  state  of  the  medium  while  these  actions 
were  going  on.  He  supposed  that  the  medium  about  a  charged 
body  was  in  a  state  of  stress,  and  he  represented  to  himself  the 
forces  acting,  not  as  mere  directions,  but  as  a  series  of  lines 
which  contmually  endeavored  to  shorten  themselves,  just  as 
India-rubber  bands  woidd  do.  These  lines  he  called  "  lines  of 
force'''  and  the  region  around  a  charged  body  the  "  electric 
fieUr 

According  to  this  view,  every  charged  body  radiates  out 
from  itself  into  space  lines  of  force,  and  every  line  shows  at  any 
point  the  direction  in  which  a  very  small  body  would  move  if 
freely  suspended  at  that  point.  These  lines  of  force  have  their 
origin  at  the  surface  of  the  charged  body,  to  which,  if  the  body 
is  a  conductor,  they  are — at  the  surface — perpendicular.  Where 
they  end  electricity  of  the  opposite  kind  will  be  found,  and  the 
total  amount,  no  matter  how  scattered  it  may  be,  will  equal  in 
value  the  charge  on  the  original  body.  Part  of  the  induced 
charge  may  be  on  the  walls  of  the  room,  some  of  it  may  be  on 
surrounding  conductors,  but,  taken  altogether,  the  total  amount 
will  be  the  same. 

A  few  cases  in  which  the  lines  of  force  around  a  charged 
body  or  bodies  are  known  are  given  in  the  accompanying 
figures. 

The  simplest   case  is   that   of  a   sphere  suspended  at   a 
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distance  from  other  bodies  in  the  air  (Fig.  6).  Owing  to  the  per- 
fect symmetry  of  the  figure  the  lines  of  force  are  radii  from  the 
sphere  outward,  and  they  extend  away  from  the  surface  to  an 
indefinite  distance  in  straight  hues.  Another  very  simple  case 
is  that  of  a  sphere  suspended  within  a  spherical  shell  which 
completely  surrounds  it  (Fig.  7).  Here  the  lines  of  force  are 
also  radii  between  the  surfaces,  and  if  we  suppose  the  outer 
shell  connected  with  the  earth  there  will  be  no  lines  of  force 
around  it ;  that  is,  outside.  Hence,  all  the  force  is  in  the  inter- 
mediate space  between  the  sphere  and  shell,  and  there  is  no  force 
outside.     If  the  interior  body,  instead  of  being  a  sphere,  were 


Fig.  6. 


Fig.  7. 


also  a  hollow  shell,  there  would  be  no  force  in  the  medium 
inside  this.  Another  example  is  that  of  two  spheres  whose 
charges  are  in  the  relation  of  four  to  one  and  of  opposite  sign 
(Fig.  8).*  If  both  charges  are  of  the  same  sign  the  lines  of 
force  assume  the  form  given  in  Fig.  9.* 

If  we  knew  the  number  and  direction  of  the  lines  of  force 
at  any  point  due  to  charged  bodies  near  it,  we  would  have  a 
solution  of  a  very  important  class  of  electrical  problems.  It  is, 
however,  only  in  a  very  few  cases  that  we  know  this,  and  the 
calculations  necessary,  in  even  the  simplest  cases,  are  very  elab- 
orate. Often,  however,  we  can  form  some  idea  of  the  state  of 
the  surrounding  medium,  and  by  drawing,  even  roughly,  the 

*  Figs.  8  and  9  are  taken  from  Maxwell,  "  Elec.  and  Mag.,"  vol.  i. 
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lines  of  force,  we  can  obtain  solutions  of  a  few  cases  accurately 
enough,  and  thus  accomplish  in  a  few  minutes  what  might 
require  laborious  work  if  undertaken  by  mathematics  alone. 
The  conception  of  lines  of  force  is  extremely  useful,  and  we 
shall  see  more  and  more  clearly,  as  we  take  up  the  study  of 
magnetism  and  electro-magnetism,  how  easily  certain  phenomena 
can  be  explained  by  their  aid. 

Potential. — We  have  now  to  take  account  of  an  idea  that 
is  of  the  utmost  importance  in 'the  explanation  of  electrical  phe- 
nomena; that  is,  the  idea  of  potential.  The  conception  has 
always  been  considered  a  difficult  one  in  the  study  of  electricity, 
though  there  seems  to  be  no  valid  reason  for  this.    At  all  events, 


Fig.  8. 


Fig.  9. 


it  is  absolutely  necessary  to  become  acquainted  with  the  subject, 
for  many  problems  cannot  be  understood  at  all  without  intro- 
ducing the  idea.  The  potential  at  a  point  near  a  body  may  be 
defined  in  either  of  two  ways :  We  may  define  it  as  the  charge 
on  the  body  divided  by  the  distance  between  the  body  and  the 
point,  or,  we  may  define  it  as  the  work  which  would  have  to  be 
done  on  a  unit  of  positive  electricity  in  bringing  it  from  an  in- 
finite distance  to  the  point  in  question.  The  former  definition 
follows  at  once  from  the  latter,  which  is  therefore  the  more  gen- 
eral and  the  more  preferable. 

Potential,  therefore,  is  work  done,  and  can  be  expressed  in 
units  of  work,  or,  if  we  use  the  so-called  absolute  system  of 
units,  to  be  hereafter  described,  we  can  express  potential,  or  dif- 
ferences of  potential,  in  centimetres — grammes. 


14  PRACTICAL   ELECTRICITY   IN   MEDICINE   AND   SURGERY. 

We  spoke  of  determining  the  potential  at  a  point  by  bring- 
ing from  a  distance  a  sphere  charged  with  a  unit  quantity  of 
electricity  to  this  point.  Here  we  must  be  careful  to  employ  a 
very  small  sphere,  since  this  itself,  when  charged,  alters  the  po- 
tential at  points  near  it.  It  would  therefore  exert  a  disturbing 
influence  if  the  charge  upon  it  were  comparable  to  that  of  the 
body  to  which  the  potential  was  due. 

Starting  with  the  small  sphere,  having  a  unit  quantity  of 
electricity  at  a  great  distance  from  charged  bodies,  very  little 
force  will  be  required  to  move  it.  Now,  suppose  the  charges  are 
all  positive ;  then  whatever  electrical  force  is  exerted  will  be 
repulsive.  As  we  move  the  small  sphere  nearer  and  nearer  to 
the  charged  bodies  the  repulsion  increases,  and  more  force  must 
be  exerted  in  the  movement;  consequently,  more  work  must 
be  done,  and,  according  to  the  definition  given  above,  the  poten- 
tial must  increase  as  we  approach  the  charged  bodies.  Hence, 
at  great  distances,  where  the  force  is  small  and  little  work  is 
done,  the  potential  is  low ;  whereas,  in  proximity  to  the  charges, 
the  force  is  great,  much  more  work  must  be  done  to  move  the 
sphere  from  one  position  to  another  nearer  the  charges,  and  the 
potential  is  high. 

It  follows  at  once  from  the  foregoing  definition  that  bodies 
always  tend  to  move  from  places  where  the  potential  is  high  to 
places  where  it  is  low. 

The  potential  of  a  body  being  a  relative  thing,  it  is  neces- 
sary to  have  some  standard  of  reference,  and  the  standard  usually 
taken  is  that  of  the  earth,  whose  potential  is  assumed  to  be  zero. 
Sometimes,  but  as  a  mere  conception,  an  infinitely  distant  point 
is  taken  as  the  point  of  reference,  since  at  an  infinite  distance 
away  from  charged  bodies  the  potential  must  be  zero.  This  is, 
however,  done  for  the  sake  of  simplifying  mathematical  calcula- 
tions only. 

Electro-motive  force  is  that  which  tends  to  set  electricity  in 
motion,  or  we  can  say  that  the  electro-motive  force  (written 
e.m.f.)  between  two  points  is  the  difierence  of  their  potential. 
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Hence,  when  two  charged  metaUic  bodies  at  different  potentials 
are  connected  by  a  conductor  there  will  be  a  transfer  of  elec- 
tricity from  the  one  at  higher  potential  to  the  one  at  lower  po- 
tential, and  the  transfer  will  continue  as  long  as  there  exists  any 
difference  in  the  potentials  of  the  bodies. 

Current. — This  passage  of  electricity  along  a  body  is  called 
the  electric  current.  The  phenomenon  may  be  of  short  dura- 
tion ;  it  may  last  only  the  millionth  of  a  second,  but  while  the 
transfer  is  actually  taking  place  there  is  an  electric  current  in 
the  conductor. 

We  must  here  be  careful  to  distinguish  between  the  electro- 
motive force  between  two  charged  bodies  and  the  mechanical 
force  acting  from  one  to  the  other.  Electro-motive  force  simply 
urges  electricity  onward,  and  its  amount  is 
greater  the  greater  the  difference  of  poten- 
tial. Mechanical  force  tends  to  bring  the 
bodies  nearer  together  or  to  drive  them 
further  apart,  and  we  already  have  found 
how  to  measure  it. 

Equipotential  Surfaces. — It  is  a  matter 

'.  :  .  .   .  Fig.  10. 

of  familiar  observation  that  the  electricity 
upon  any  charged  body,  whether  conductor  or  non-conductor, 
but  removed  from  electrical  influence,  is  at  rest.  In  other 
words,  we  know  that  the  electricity  upon  its  surface,  under 
these  circumstances,  is  in  equilibrium.  But,  from  what  has 
been  said,  it  is  apparent  that  electricity  will  move  upon  the 
surface  of  a  conductor,  if  between  any  two  points  on  it 
there  exists  a  difference  of  potential.  Therefore  the  surface 
of  the  conductor  must  be  everywhere  at  the  same  potential,  and 
it  is  on  this  account  called  an  equipotential  surface.  But  there 
are  other  points  about  a  charged  conductor  which  have  also 
among  themselves  the  same  potential,  and  the  surfaces  drawn 
through  these  points  will  be  equipotential  surfaces.  The  poten- 
tial of  each  surface  becomes  less  as  we  go  outward  from  the 
charged   body   (Fig.  10),   until  at   a  very  great  distance  the 
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potential  of  the  corresponding  surface  may  be  taken  as  zero. 
Fig.  10  shows  the  equipotential  surfaces  around  a  charged 
metal  sphere,  the  sphere  being  supposed  at  a  distance  from  other 
charged  bodies.  It  will  be  seen  that  each  of  these  surfaces  is 
spherical,  i.e.^  a  circle,  in  projection.  Since  the  equipotential 
surfaces  are  spherical  and  the  lines  of  force  about  a  charged 
sphere  are  radii,  it  foUovvs  that  the  equipotential  surfaces  and 
lines  of  force  are  perpendicular  to  each  other. 

Many  other  cases  might  be  given  in  illustration  of  the  state- 
ments here  made,  but  as  we  shall  have  to  deal  with  the  same 
subject  more  thoroughly  in  the  study  of  magnetism  the  con- 
sideration of  the  matter  may  conveniently  be  deferred. 

Potential  Energy. — If  we  charge  a  body  placed  in  such  a 
part  of  the  electric  field  that  its  potential  is  F,  say,  with  E  units 
of  electricity,  the  potential  energy  of  the  body  wiU  he  ^  E  V; 
for  the  potential  F  means  the  work  which  would  have  to  be 
done  on  a  unit  charge  in  bringing  it  from  a  place  where  the  po- 
tential is  zero  to  the  point  in  question.  If  we  carry  E  units 
instead  of  a  single  unit,  the  work  done  will,  of  course,  be  E 
times  as  great,  but,  since  the  potential  varies  from  0  (zero) 
to  F  during  the  movement  of  the  charge  E,  we  must  take  the 
average  value  of  the  potential  between  0  and  F  This  is  ^,  so 
that  we  have  for  the  whole  work  done — that  is,  for  the  energy 
of  the  charge — J  E  V. 

A  very  similar  expression  holds  in  the  case  of  electric  cur- 
rents, and  we  shall  find  the  formula  of  considerable  importance 
as  we  go  on. 

Capacity. — Suppose  we  have  two  charged  metallic  disks, 
supported  by  non-conductors  in  such  a  way  that  the  disks  are 
parallel  to  one  another,  and  separated  by  a  certain  distance 
which  we  will  call  D.  If  we  connect  the  two  plates  with  an  in- 
strument capable  of  measuring  differences  of  potential  we  shall 
observe  a  certain  value  for  this  which  Ave  will  call  F 

Let  now — the  plates  being  still  insulated — the  distance  be- 
tween them  be  diminished,  so  that  it  becomes  f ;  we  shall  find 
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that  their  diiference  of  potential  will  diminish  also.  In  order  to 
make  the  difference  of  potential  the  same  as  it  was  before  the 
plates  were  brought  nearer  together  we  shall  have  to  increase 
the  charges  correspondingly.  If  the  distance  between  the  plates 
had  been  halved  the  charges  would  have  to  be  approximately 
doubled.  This  is  expressed  by  saying  that  under  these  circum- 
stances the  CAPACITY  of  the  arrangement  has  been  about  doubled. 
We  define  the  capacity  of  such  a  system  of  plates  as  the  quan- 
tity of  electricity  necessary  to  charge  the  plates  to  unit  differ- 
ence of  potential,  or,  the  potential  of  one  plate  being  T^,  of  the 
other  T^,  and  the  charge  on  one  of  them  E^  then 

Capacity  := 


V,  -V, 


If,  instead  of  moving  the  plates — which  are  supposed  to 
be  in  air — nearer  together,  we  had  inserted  between  them  a 
sheet  of  shellac  or  of  vulcanite,  an  effect  of  the  same  kind  would 
have  been  observed ;  that  is,  the  capacity  would  have  been  in- 
creased by  so  doing. 

Specific  Inductive  Capacity. — To  this  quality, — ^namely,  of 
diminishing  the  potential  between  two  bodies,  their  charges 
remaining  the  same, — possessed  by  a  large  number  of  substances 
in  various  degrees,  that  is,  by  glass,  spermaceti,  resin,  pitch, 
wax,  shellac,  sulphur,  etc.,  Faraday  gave  the  name  of  specific 
inductive  capacity,  and  the  medium  itself  he  called  a  dielectric 
medium.  It  is  very  different  for  different  bodies.  Thus,  calling 
the  specific  inductive  capacity  of  air  unity,  then,  Faraday  found 
that  for  wax  it  was  1.86  and  for  sulphur  2.24.* 

Condensers. — An  apparatus,  consisting  of  two  parallel 
plates  (Fig.  11)  or  of  a  hollow  conductor  inclosing  within  itself 
another   conductor,  the   two  being  separated  by  air  or  other 

*  In  the  case  in  which  we  have  a  medium  other  than  air  between  the  platea  of  the  apparatus 
referred  to  we  have  to  write  for  the  capacity 

E 


K  being  the  specific  inductive  capacity,  the  remaining  letters  as  before. 
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dielectric  medium,  is  called  a  condenser.  Condensers  of  this 
form  have  a  very  Hmited  range  of  usefuhiess  in  practice  because 
their  capacity  is  small ;  but  standards  are  made  in  this  way,  and 
the  most  accurate  form  of  instrument  is  that  of  a  sphere  sus- 
pended withm  a  concentric  spherical  shell.  The  capacity  of 
such  condensers  can  be  calculated  at  once  when  their  dimensions 
are  known,  and  others,  of  forms  rendering  calculation  impossible, 
but  more  convenient  for  general  work,  can  be  compared  with 
these  and  standardized. 

In  the  construction  of  condensers  it  is  usual  to  employ  a 
large  number  of  plates  and  to  separate  them  by  very  small 


Fig.  11.— Condenser. 


intervals.  Generally,  plates  of  tin-foil  are  used,  these  being 
separated  by  very  thin  sheets  of  prepared  paper  or  mica,  and 
several  hundred  of  them  placed  together  in  a  box.  In  this  way 
the  capacity  can  be  made  as  great  as  we  please. 

Leyden  Jars. — But  the  best-known  type  of  condenser  is  the 
so-called  Leyden  jar  (Figs.  12  and  13),  which  consists  simply 
of  a  glass  jar  covered  inside  and  outside,  except  near  the  neck, 
with  tin-foil.  On  top  of  the  jar  is  a  brass  knob  in  metallic 
communication  with  the  inside  coating,  but  insulated  from  the 
outside  metal  by  means  of  a  wooden  stopper,  through  which  the 
knob  passes.  Such  a  condenser,  when  made  with  thin  glass, 
may  have  a  very  great  capacity,  and  is  altogether  a  convenient 
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form  for  general  work  in  electricity.  There  is  danger,  however, 
that,  when  the  glass  is  very  thin,  it  may  be  ruptured  by  the 
passage  of  a  spark  between  the  coatings,  if  they  should  be  elec- 
trified to  great  differences  of  potential.  This  alone,  however, 
is  not  the  only  circumstance  which  hmits  the  difference  of  poten- 


FlGS.  12  AND  13.— LBYDEN  JAES. 


tial  which  can  be  maintained  between  the  outside  and  inside 
of  the  jar ;  it  is  also  limited  by  the  leakage  which  takes  place 
between  the  inside  and  outside  tin-foil  over  the  surface  of  the 
glass.  Glass,  though  usually  an  insulator,  conducts  fairly  well 
in  damp  weather,  when  the  electro-motive  force  is  very  great. 

When  we  have  to  employ  very  high  electro-motive  forces, 
we  join  a  number  of  Leyden  jars  together  by  connecting  the 


Fig.  14. 


inside  coating  of  one  with  the  outside  of  the  other.  This 
arrangement  is  known  as  the  arrangement  in  series  or  in  "  cas- 
cade." Fig.  14  represents  a  number  of  Leyden  jars  connected 
up  in  this  way.  As  will  be  seen,  the  first  jar  has  its  inner 
coating  connected  through  the  knob  and  wire  with  the  outer 
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coating  of  jar  No.  2,  which  in  turn  has  its  inner  coating 
in  metaUic  communication  with  the  outer  coating  of  jar  No.  3, 
and  so  on.  The  inner  surface  of  the  last  jar  is  connected  by  a 
wire  with  the  knob  A,  as  shown,  the  knob  B  being  connected 
with  the  outer  coating  of  jar  No.  1. 

By  such  an  arrangement  the  capacity  of  the  jars,  taken 
together,  is  less  than  the  capacity  of  a  single  jar  in  the  ratio  of 
the  number  of  jars ;  the  difference  of  potential  has,  however, 
become  oi  times  as  great,  supposing  that  there  were  n  jars. 
This  is  not  rigorously  true,  for  the  connecting  wires  have  some 
capacity,  but  it  is  very  small  compared  with  the  capacity  of  the 
jar  itself. 

Instead  of  joining  up  the  jars  in  this  way  we  may  con- 
nect all  the  similar  coatuigs  together;    that  is,  all  the  inside 


Fig.  15. 

coatings  with  one  wire,  and  all  the  outside  coatings  with 
another,  as  in  Fig.  15.  Such  an  arrangement  is  called  the 
"  quantity  "  arrangement,  but  it  is  better  to  say  that  the  jars  are 
joined  in  "  parallel  arc."  In  this  way  the  jars  taken  together 
act  as  one  very  large  jar,  for  if  all  the  inside  coatings  are  joined 
together  the  same  effect  is  produced  as  if  a  single  jar  had  a  coat- 
ing of  tin-foil  as  large  as  the  sum  of  the  separate  ones,  the  same 
being  true  for  the  outside.  Hence,  the  capacity,  if  there  are  n 
jars,  has  been  increased  n  times ;  but  the  difference  of  potential 
has  remained  the  same  as  before.  We  may  also  express  this  by 
saying  that  to  charge  oi  jars  joined  in  parallel  requires  n  times 
the  quantity  of  electricity  necessary  to  charge  one  jar. 

Finally,  we  may  arrange  the  jars  combinationally  according 
to  both  methods,  as  in  Fig.  16.     In  this  case  two  jars  form  a  set 
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equal  to  one  jar  of  twice  the  capacity,  and  the  sets  of  two  being 
joined  in  series  give  a  difference  of  potential  equal  to  twice  that 
of  a  single  jar.     Many  combinations  can  of  course  be  made  in 


this  way,  and  the  particular  arrangement  to  be  adopted  depends 
upon  the  special  work  we  may  have  in  hand. 

We  can  explain  the  theory  of  the  Leyden  jar  very  much 
better  by  taking  for  discussion  a  more  symmetrical  form  of  con- 
denser than  this. 

We  have  seen  that  if  we  suspend  a  charged  Ibody  within  a  hollow 
metal  conductor  (Fig.  17),  the  inner  surface  of  the  conductor  in  question 
will  receive  an  opposite  charge  of  electricity  equal  in  amount  to  that  on 
the  suspended  bod3^  Now,  suppose  we  have  two  spherical  bodies  sus- 
pended one  within  the  other  (Fig.  18).  Since  the  bodies  are  perfectly 
symmetrical  the  charges  must  be  evenly  distributed  over  the  surfaces,  and 
the  lines  of  force  in  the  space  between  the  shell  and  sphere  will,  as  pre- 


-    + 


Fig.  18. 


viously  shown,  be  radii  to  the  two  surfaces.  Now,  to  sny  that  the  dis- 
tribution is  perfectly  regular  is  as  much  as  to  say  that  each  unit  of 
surface  contains  a  quantity  of  electricity  which  we  may  call  B ;  B  is  gen- 
erally called  the  "electric  surface  density."     But,  the  inner  surface 
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having  a  radius  i?,  its  area  is  ^  7t  R^  ^  and  lience,  if  its  total  charge  is  E^ 
then  E  =  ^7t  B'^  B.  Again,  since  we  have  the  same  quantity,  but  of 
opposite  sign,  on  the  inner  surface  of  the  surrounding  shell  we  have  also 

—  E  =  4^7t  B^  B^  where  B  is  the  radius  of  the  shell. 

We  have  shown  that  tlie  electrification  on  the  exterior  of  the  shell 
is  independent  of  the  position  of  the  influencing  body  within  it,  provided 
only  the  charge  on  the  latter  remains  always  the  same.  Furthermore, 
the  direction  of  the  lines  of  force  in  the  intermediate  space  continues  to  be 
along  the  radii  to  the  spheres,  both  having  the  same  centre,  whatever 
size  the  internal  surface  maj^  have. 

Let  us  suppose,  then,  that  the  outer  shell  becomes  indefinitely  large, 
and  that  the  inner  one  becomes  smaller  and  smaller,  so  that  it  may 
finally  be  considered  a  point.  The  external  effect  remaining  alwa^^s  the 
same,  we  observe  that,  instead  of  considering  the  charge  over  a  sphere, 
we  may  replace  this  by  an  equal  charge  supposed  at  the  centre  of  the 
sphere;  that  is,  at  a  point.  It  follows,  therefore,  that  the  potential  at 
an3^  point  outside  a  charged  spherical  surface  is 
f ,  where  E  is  the  charoe  and  B  the  distance  between 
the  x)oint  and  centre  of  sphere.  At  the  surface  of 
the  sphere  itself  this  distance  becomes  the  radius 
of  the  sphere,  hence  the  potential  of  a  sphere  due 
to  its  own  charsre  is  ^,  A  being-  its  radius. 

According  to  the  definition  given  above,  the 

capacity  of  au}^  system   of  bodies    is   the    charge 

necessary  to  produce  unit   diff'erence  of  potential. 

Hence,  the  capacity  of  a  sphere,  in  open  space,  being  its  charge  E  divided 

by  its  potential  ^,  is  A  ;  that  is,  the  capacity  of  a  sphere  is  numerically 

equal  to  its  radius. 

We  have  shown  that  there  is  no  electric  force  within  a  charged  me- 
tallic conductor  provided  there  are  no  charges  inside;  hence  it  follows 
that  the  potential  must  be  everywhere  the  same  inside  such  a  body.  Now, 
the  potential  at  ^\\y  point  of  the  interspace  between  two  concentric  spheri- 
cal shells  (Fig.  19),  whose  charges  are  respectively  -\-E  and  — E^  and  whose 
radii  are  A  and  B.  due  to  the  inner  shell,  is  f ,  and  that  due  to  the  outer  is 

—  |.     The  potential  due  to  both  is  then 

\B       b' 

For  a  point  on  the  surface  of  the  inner  shell,  or  within  this  as  well,  B 
becomes  equal  to  the  radius.  A,  and  therefore  the  potential  becomes 
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The  capacity,  being  ^,  may  be  written 
1  A  B 


B  —  A 


•which  shows  us  that  the  capacity  becomes  greater  the  more  nearly  equal 
are  A  and  B ;  that  is,  the  more  the  two  surfaces  approach  each  other  in 
size.  The  Ley  den  jar  may  be  regarded  as  a  particular  case  of  the  prob- 
lem just  considered,  in  which  the  air-space  between  the  shells  is  replaced 
\>y  glass,  the  shells  themselves  playing  the  same  part  as  the  tin-foil  in  the 
Lej^den  jar.  It  is  therefore  evident  that  the  capacity  of  the  jar  is  in- 
creased by  bringing  the  tin-foil  surfaces  near  together,  i.e.,  by  making 
tlie  glass  as  thin  as  possible. 


Fig.  20.— Electro-static  Machine. 


Electro-static  machines  may  be  divided  into  two  classes, — 
those  in  which  the  production  of  electricity  depends  upon  the 
friction  between  two  surfaces,  called  frictional  machines,  and 
those  in  which  the  charge  is  the  direct  result  of  induction,  called 
influence  or  induction  macMnes.  The  latter  usually  have  to  be 
independently  charged  at  first  before  they  will  act  properly. 

The  theory  of  both  classes  of  machines  is  uncomplicated  after 
the  fundamental  laws  of  static  electricity  have  been  understood, 
but  especially  is  this  true  of  the  former  class.     Indeed,  frictional 
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machines  require  nothing  more  for  their  explanation  than  an 
understanding  of  the  phenomenon  resulting  from  rubbing  a  piece 
of  glass  with  silk  or  flannel. 

Frictional  Machines. — In  its  usual  form  the  frictional  ma- 
chine (Fig.  21)  consists  of  a  circular  glass  plate  {A)  capable  of 
revolution  about  its  centre  and  provided  with  a  "rubber"  {E) 
and  a  metal  comb  (  G).  The  rubber  is  a  piece  of  leather,  having 
on  one  side  an  amalgam  made  of  tin  and  mercury,  this  surface 
being  in  contact,  under  slight  pressure,  with  the  revolving  glass 
plate.  The  comb  is  a  rod  of  metal — generally  brass — with 
numerous  sharp  points  attached,  which  approach  very  near  to, 

but  do   not  touch,  the   glass 

disk. 


The  leather  and  comb 


Fig.  21.— Frictional  Electric  Machine. 


are  connected  by  means  of  wires  or  metal  rods  with  a  pair  of 
brass  balls,  sometimes  called  the  "prime  conductors,"  but 
better  known  as  the  poles  or  electrodes  of  the  apparatus. 

The  action  of  the  machine  is  as  follows :  When  a  certain 
portion  of  the  glass  disk  passes  beneath  the  "  rubber  "  it  becomes 
positively  electrified  and  the  leather  negatively.  This  positive 
electrification,  or  charge,  carried  around  with  the  plate,  in  ap- 
proaching the  metal  comb  induces  upon  it  an  equal  negative 
charge,  while  the  positive  charge  passes  toward  the  pole  Di^  in 
metallic  connection  with  the  comb.  As  the  charged  portion  of 
the  plate  approaches  still  nearer  the  comb  the  difierence  of 
potential  at  last  becomes  so  great   that  the  comb  discharges 
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itself  against  the  plate,  thus  annulling  the  charge  on  the  latter, 
which  passes  again  under  the  amalgam  in  a  neutral  condition. 
The  discharge  upon  the  disk  is  facilitated  by  the  points  of  the 
comb,  which  are  employed  for  that  purpose.* 

In  reality,  all  of  the  half  surface  of  the  plate  acts  mduct- 
ively,  but  with  varying  intensity,  upon  the  comb  at  any  one 
time ;  but  we  have  considered  only  a  small  part  of  the  disk  for 
the  sake  of  simplicity. 

It  may  be  added  that  the  discharge  between  the  comb  and 
the  disk  takes  place  in  what  is  known  as  the  brush  discharge, 
which  is  a  species  of  electric  spray. 


Fig.  22.— Induction  or  Holtz  Machine. 

The  rubber,  which,  on  account  of  the  amalgam,  is  a  good 
conductor,  transmits  its  negative  charge  to  the  pole  D^^  and  the 
two  poles  having  thus  their  charges  continually  augmented 
acquire  finally  such  a  difference  of  potential  that  a  spark  passes 
between  them.     The  length  of  spark  which  can  be  obtained 


*  When  the  difference  of  potential  or  electro-motive  force  between  two  bodies  becomes  very 
high  the  electricity  flows  from  one  to  the  other  through  the  insulating  medium  ia  the  form  of  a 
spark.  Different  media  resist  such  discharges  in  different  degrees,  but  any  medium  can  be 
ruptured  by  a  sufiBciently  high  electro-motive  force.  The  insulating  power  of  air  is  compara- 
tively great,  but  it  can  resist  what  may  be  called  electric  pressure  only  within  certain  limits, 
after  which  it  gives  way,  and  the  electric  spark  passes,  accompanied  by  noise  and  light.  If  the 
pressure  is  not  so  great  as  to  produce  sparks,  and  the  electricity  is  distributed  over  points  or 
sharp  edges,  it  leaks  away,  in  the  form  of  a  "brush  or  spray,"  and  the  phenomenon  of  the 
"electric  glow"  can  be  made  very  apparent  in  a  darkened  room. 
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from  such  a  machine  is  limited  by  the  leakage  which  takes 
place  over  the  glass  disk  between  its  own  charge  and  that  of  the 
rubber.  To  reduce  this  as  much  as  possible  a  flap  of  oiled  silk 
is  often  suspended  close  to  that  portion  of  the  plate  which  is 
electrified,  i.e.,  the  upper  half 

Influence  Machines. — Of  the  class  induction  or  influence 
machines,  perhaps  the  best  known  is  the  Holtz  machine  (Fig. 
22),  the  essential  features  of  which  are  shown  in  the  accom- 
panying sketches  (Figs.  23  and  24).  In  its  simplest  form  the 
apparatus  consists  of  two  varnished  glass  disks  {A  and  E)^  one 
of  which  {A)  is  stationary,  the  other  {B)  revolves  about  its 
centre.  The  stationary  plate  {A)  has  two  openings  cut  into  it 
{Bi  B.2),  through  which  and  toward  the  revolving  plate  extend  a 

B 


Fig.  23.  Fig.  24. 

pair  of  paper  strips  with  pointed  ends,  marked  Ci  and  G2.  These 
are  the  prolongations  of  two  pieces  of  paper,  fastened  to  the 
plate  just  above  the  openings,  and  called  the  "inductors" 
(Z>i  and  D2).  Opposite  the  inductors,  on  the  other  side  of  the 
revolving  plate,  are  a  pair  of  metal  combs  {Fi^  F^  joined  by  wires 
with  the  poles  of  the  machine,  shown  as  Py  and  i-g,  Fig.  24. 

The  action  of  the  machine  may  be  explained  in  the  follow- 
ing way :  Let  one  of  the  inductors  be  charged, — say  positively, — 
and  let  the  two  electrodes  be  brought  into  contact.  As  a  result, 
the  comb  opposite  this  inductor  is  charged  negatively  by  induc- 
tion, and  a  positive  charge  appears  at  the  other  comb,  since  the 
combs   are   in   communication  through   the  joined   electrodes 
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and  the  positive  electricity  is  repelled  away  from  the  inductor 
itself. 

Since  the  combs  consist  of  sharp  points  the  negative  elec- 
tricity upon  the  first  comb  begins  to  discharge  itself  against  the 
glass  plate  m  front  of  it  in  the  form  of  a  brush.  This  negative 
charge  is  carried  around  by  the  plate  in  a  direction  toward  the 
other  inductor  and  comb.  Both  of  these,  therefore,  discharge 
positive  electricity  on  the  plate, — the  comb  upon  one  side,  the  in- 
ductor on  the  other, — while  the  inductor  itself  receives  a  negative 
charge.  Clearly,  therefore,  part  of  the  negative  charge  upon 
the  front  of  the  plate  is  neutralized,  and  the  positive  charge 
upon  the  back  is  carried  around  again  toward  the  positive  in- 
ductor. This  increases  the  action  of  the  positive  inductor,  since 
the  inductor  itself  discharges  negative 

electricity  upon  the  plate  and  becomes       /^    x  y^ — \ 

itself  more  and  more  strongly  electrified  f  -i-  j  &  (  —  ) 
positively.     If  the  electrodes  are  now      ^^ — -^  V_^ 

separated,  sparks  will  pass  between 
them.  The  object  of  having  the  holes 
in  the  stationary  plate  is  to  diminish 
the  capacity  of  those  parts  of  the  plate  fig,  25, 

which   are    opposite    them,    and    thus 

cause  them  the  more  readily  to  give  up  some  of  their  charge. 
In  some  cases  Leyden  jars  are  attached  to  the  electrodes,  the 
object  being  to  increase  the  energy  of  the  sparks  given  off". 

Current — To  the  passage  of  electricity  through  a  conduc- 
tor has  been  given  the  name  of  electric .  current,  and  in  this 
sense  the  discharge  of  a  Leyden  jar  is  as  true  a  current  as  is  the 
movement  of  electricity  in  the  wires  which  feed  our  electric 
lights  and  motors.  There  is,  however,  a  broader  sense  still  in 
which  the  term  electric  current  may  be  used:  we  may  under- 
stand it  to  mean  any  transference  of  electricity  from  one  body  to 
another.  Thus,  if  we  move,  or  rather,  under  the  circumstances, 
allow  to  move,  a  very  small  body,  an  insulated  metal  sphere, 
between  two  electrified  spheres  (Fig.  25),  we  have,  as  long  as 
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the  motion  continues,  the  phenomenon  of  an  electric  current 
between  the  globes ;  that  is  to  say,  the  small  sphere  carries  elec- 
tricity from  one  sphere  to  the  other,  and  as  long  as  any  charge 
remains  the  little  ball  will  keep  up  its  motion,  vibrating  back- 
ward and  forward.  Such  a  current  may  be  called  a  convection 
current,  in  contradistinction  to  ordinary  or  conduction  currents, 
and  it  has  been  shown  experimentally  that  if  the  velocity  of  a 
statically  charged  body  be  great  enough  it  will  exert  an  action 
altogether  similar  to  that  exerted  by  an  ordinary  current  m  a 
wire. 

"We  shall,  however,  for  the  present  confine  our  attention 
to  such  currents  as  are  furnished  by  ordinary  batteries  and 
dynamos. 


At  this  point  it  may  be  well  to  draw  attention  to  the 
absurdity  of  statements  sometimes  made  regarding  the  "  quality  " 
of  electric  currents.  It  is  often  averred  that  currents  have  vari- 
ous "quahties,"  the  idea  intended  to  be  conveyed  evidently  being 
that  electric  currents  have  something  of  the  character  which  dis- 
tinguishes the  notes  of  different  musical  instruments.  This  is, 
of  course,  absolutely  ridiculous,  the  only  character  which  cur- 
rents, derived  from  whatever  source,  can  possibly  have — if  we  can 
properly  speak  of  character  at  all  in  this  connection — being  fully 
included  under  one  or  another  of  the  following  heads.  We  can 
have : — 

1.  Steady  currents. 

2.  Interrupted  currents. 

3.  Alternating  currents. 
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Steady  Currents. — Steady  currents  are  usually  furnished  by 
cells  of  ordinary  type  and  by  storage  batteries,  and  we  may  repre- 
sent them  in  this  way :  Let  us  use  the  vertical  line  (Fig.  26)  to 
represent  the  value  of  the  current  measured  in  any  arbitrary 
units  (by  means  of  a  galvanometer,  voltameter,  or  whatever 
measuring  instrument  we  decide  to  employ).  Let  the  horizontal 
base-hne  represent  equal  intervals  of  time, — minutes,  or  hours, 
etc.  Then  the  horizontal  line  A^  drawn  through  the  figure  4, 
shows  us  that  the  current  has  the  same  value  at  the  end  of  time 
4  as  at  time  1,  2,  and  3, — in  other  words,  that  it  has  not  varied. 
Such  a  current,  besides  heiyig  a  steady  one,  is  a  constant  current. 
There  are,  however,  few  batteries  which  will  furnish  such  cur- 
rents during  any  considerable  time,  and  generally  the  current 
continually  becomes  smaller  and  smaller,  as  shown  in  the  lower 
dotted  line  (5),  which,  as  it  slants  downward,  indicates  how 
regularly  the  current  diminishes.  The  upper  dotted  line  {C) 
represents  the  current  derivable  from  a  storage  battery,  in  which 
there  is  a  rapid  decrease  during  the  beginning  of  the  time  (that 
is,  if  the  current  is  rather  strong),  after  which  the  current  be- 
comes constant.,  and  remains  so  until  the  battery  has  become 
nearly  discharged,  when  it  falls  to  zero  very  rapidly.  All  these 
cuiTents  are  steady. 

Intermittent  Currents. — Of  a  different  kind  is  the  current 
supplied  by  an  ordinary  dynamo  machine.  Li  this  case  the  cur- 
rent is  not  absolutely  steady, — though  for  practical  purposes  it 
may  be  so  considered, — but  varies  between  certain  limits  many 
times  during  one  second.  This  is  due  to  one  of  the  necessities 
of  dynamo  construction,  and  arises  from  the  fact  that  the  "  arma- 
ture "  of  such  machines  consists  of  a  number  of  separate  coils 
of  wire  in  which  the  current  is  periodically  reversed  twice  in 
each  revolution.  In  general,  however,  the  number  of  these  coils 
is  so  large  and  the  speed  so  high,  and  the  effect  is,  moreover,  so 
strongly  modified  by  other  actions  going  on  in  the  armature,  that 
the  "  waviness  "  of  the  current  is  not  easily  detected,  though  it 
is  at  once  observable  by  means  of  a  telephone.     With  the  same 
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notation  as  before,  the  dynamo  current  may  be  represented  as  in 
Fig.  27.  Here,  as  will  be  seen,  the  current  is  subject  to  peri- 
odical fluctuations  of  intensity,  and  reaches  maxima  and  minima 
values  a  certain  number  of  times  within  a  given  interval.  In 
the  upper  curve  the  fluctuations  are  more  marked  than  in  the 
lower  one,  but  in  all  such  cases,  when  we  speak  of  the  intensity 
of  the  current,  we  mean  the  average  intensity ;  and,  practically, 
'  the  variations  from  the  mean  value  are  so  small  that  we  may 
entirely  neglect  them. 

Alternating  Currents. — Still  another  class  of  cuiTents  is  to 
be  considered.  In  the  induction  coil,  and  in  certain  types  of 
dynamo  machines,  the  variations  of  the  current  are  very  much 
more  marked   than  in  any  case  we   have  so  far  looked  into. 


A      2       B       3      0     4- 
Fig.  27. 


TIME 


The  details  of  the  apparatus  giving  such  currents  will  be  more 
fully  described  further  on.  At  present  we  may  simply  say  that 
the  machine  itself  actuates  two  circuits, — the  "  primary  "  and 
the  "  secondary," — so  arranged  relatively  to  each  other  that  any 
variation  or  change  in  the  "  primary  "  circuit  produces  a  corre- 
sponding change  in  the  "  secondary."  In  general,  the  primary 
current  is  reversed,  i.e..,  driven  flrst  in  one  direction,  then  in  the 
opposite,  a  definite  number  of  times  per  minute,  and  the  second- 
ary current  follows  the  same  order  of  change. 

In  a  particular  case  the  current  will  be  represented  by  the 
curve  given  in  Fig.  28,  though  often  it  is  not  nearly  so  regular 
as  here  shown.  However,  what  it  is  desired  to  make  clear  is 
that  the  current  fluctuates  between  fixed  values  on  both  sides 
of  the  zero  Hne ;  that  is  to  say,  after  the  current  has  reached  its 
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greatest  value  at  A  it  falls  to  zero  at  B,  after  which  it  reaches 
a^ain  a  maximum  value  at  C,  but  in  the  opposite  direction  to 
its  former  one.  Thus,  the  current  continually  changes  from  a 
given  intensity  in  one  direction  to  the  same  intensity  in  the  op- 
posite direction,  and  at  a  certain  instant  between  these  two 
epochs  it  becomes  really  zero.  Currents  furnished  by  an  ordi- 
nary E,humkorff  coil  are  of  this  nature,  and,  mdeed,  the  same 
is  true  of  nearly  all  forms  of  induction  appara,tus. 

The  word  "  current "  is  always  used  in  the  sense  of  current 
STRENGTH  or  CURRENT  INTENSTY,  but  it  is  best  to  define  it  as  the 
quantify  of  electricity  passing  through  a  section  of  the  conduc- 
tor in  the  unit  time ;  that  is,  if  there  are  Q  units  of  electricity 


TIME 


Fig.  28. 


going  through  any  cross-section  of  the  circuit  in  a  time  repre- 
sented by  t  seconds,  then 

Current  =  — 

We  can  say  any  section,  because  the  current  in  one  part  of 
a  continuous  circuit  is  equal  to  the  current  in  any  other  part. 
The  electric  current  obeys  the  law  of  continuity,  according  to 
which  the  total  quantity  of  electricity  in  the  universe  cannot  be 
increased  or  diminished.  Thus,  if  we  have  a  circuit  made  up  as 
in  Fig.  29,  in  which  ^  is  a  coiled  iron  wire,  B  a  stout  bar  of 
copper,  G  an  ordinary  galvanometer,  C  a  coiled  piece  of  copper 
wire,  F  a  silver  voltameter,  and  Di  and  D^  cells  furnishing  the 
current,  then  we  shall  always  find  that  the  galvanometer  and 
voltameter  register  the  same  current. 
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No  matter  in  what  portion  of  the  circuit  we  place  the  gal- 
vanometer, and  wherever  we  insert  the  voltameter,  provided  both 
are  directly  in  the  path  of  the  current,  the  latter,  as  measured 
by  the  two  instruments  will  always  be  the  same.  Indeed,  it  is 
in  consequence  of  this  fact  that  we  are  enabled  to  standardize 
current  measuring  instruments  by  the  use  of  the  voltameter. 

Ohm's  Law. — Suppose  we  have  an  arrangement  of  any 
kind  that  will  furnish  us  with  a  steady  current,  and  let  the 
current  flow  through  a  certain  length  of  ordinary  copper  wire. 
Let  us  include  in  the  circuit  some  instrument — a  galvanometer — 
which  will  measure  the  current  passing  through  it.  Suppose, 
further,  that  we  have  another  instrument,  such  as  an  elec- 
trometer^ which  will  measure  differences  of  potential  or  electro- 
motive forces ;  and  let  us  attach 
to  the  two  electrodes  of  this  a 
pair   of  wires,  which  can   be 

A 


Fig.  29. 


Fig.  30. 


brought  in  contact  with  the  circuit  conductor  at  diflerent  points 
along  its  length.  We  will  assume  that  the  conductor  referred 
to,  and  shown  in  Fig.  30  as  A  E,  is  of  uniform  section.  The 
arrangement  will  be  something  like  that  given  in  the  figure. 
Let  the  wire  be  divided  into  any  convenient  number  of  equal 
parts,  and  for  the  first  experiment  let  us  place  the  ends  Pj  P^ 
(connected  with  the  electrometer  V)  in  contact  with  the  points 
A  and  B.  Suppose  the  galvanometer  indicates  a  value  K  for 
the  current,  and  let  the  electrometer  show  a  difference  of  poten- 
tial or  electro-motive  force  equal  to  E^  so  that  V-^  is  the 
potential  at  A  and  V^  the  potential  at  B  ;  then 


^,=  F, 


V,. 
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Suppose,  now,  that  the  current  remainmg  constant,  we  keep 
Pi  still  in  contact  with  A,  but  move  P^^  along  the  wire  until  it 
reaches  C  A  B  and  B  C  being  equal  lengths,  we  shall  observe 
that  the  electrometer  gives  a  value  for  the  difference  of  potential 
twice  as  great  as  before,  namely,  E^  ^=  2  E-^.  Again,  at  D  it 
will  be  three  times  as  great  and  at  E  four  times  as  great,  and  so 
on  indefinitely,  according  to  the  number  of  sections. 

Now,  keeping  everything  as  it  was  before,  let  us  simply 
double  the  source  of  electricity ;  that  is,  if  we  had  one  cell  in 
use  before,  let  us  replace  it  by  two  similar  cells, — preferably 
storage  cells,  for  a  reason  to  be  explained  later.  The  current, 
as  shown  by  the  galvanometer,  will  be  twice  as  great  as  at  first, 
and  the  difference  of  potential  between  the  pomts  A  and  E  will 
also  be  doubled.  We  observe,  then,  that  the  current,  other  things 
being  equal,  is  doubled  when  the  electro-motive  force  is  doubled ; 
in  other  words,  it  is  directly  proportional  to  the  electro-motive 
force. 

Now  replace  the  wire  J.  ^  by  a  similar  wire  twice  as  long, 
and  observe  again  the  current.  It  will  be  found  to  have  fallen 
to  its  original  value,  notwithstanding  the  fact  that  the  electro- 
motive force  is  higher.  If,  instead  of  having  doubled  the  length 
of  wire  we  had  allowed  this  to  remain  the  same,  but  had  halved 
its  cross-sectional  area,  we  should  have  obtained  the  same  result. 
It  appears,  therefore,  that  the  wire  opposes  the  flow  of  the  cur- 
rent, and  the  more  effectually  the  greater  its  length  and  the 
smaller  its  diameter.  It  is,  in  consequence,  said  to  offer  "  resist- 
ance "  to  the  passage  of  electricity,  and,  from  the  experiment 
given  above,  it  appears  that  the  current  is  smaller,  the  electro- 
motive force  remaining  the  same,  the  greater  the  resistance  of 
the  wire  through  which  it  flows. 

We  could  continue  the  experiment  and  prove  the  same 
thing  for  all  sizes  and  lengths  of  wire  and  for  different  values 
of  the  electro-motive  force,  but  enough  has  been  done  to 
establish  a  relation  between  the  quantities,  current,  electro- 
motive force,  and  resistance.     This  relation  is  expressed  by  the 
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statement  that  the  current  in  any  conductor  is  equal  to  the 
electro-motive  force  between  its  ends  divided  by  its  resistance , 
or,  symbolically, 

and  the  law  itself  is  known  as  Ohm's  law. 

In  the  above  experiment  we  have  assumed  that  the  resist- 
ance of  the  battery  itself  could  be  neglected,  since  we  assumed 
that  simply  doubling  the  electro-motive  force  would  double  the 
current ;  but  this  is  not  always  true.  In  general,  the  resistance 
of  the  battery  being  considerable, — unless  we  use  a  storage  cell, 
— ^it  cannot  be  ignored ;  and  in  practice  we  shall  find  that  the 
current  is  less  than  it  would  be  under  the  hypothesis.  Thus,  in 
the  particular  case  given  above,  if  we  suppose  the  electrometer 
disconnected,  to  apply  Ohm's  law  we  should  have  to  write 

c  = ^ 

where  E  is  the  electro-motive  force  of  the  battery,  i?i  its  own 
(internal)  resistance,  7?2  t;he  resistance  of  the  galvanometer,  E^ 
of  the  divided  wire,  and  R^  of  all  the  connections  taken  together. 
Hence  it  is  only  when  the  total  sum  i^^  +  -^2  +  -^4  is  very 
small  in  comparison  with  R^  that  we  double  the  current  in  A  E 
by  doubhng  the  electro-motive  force  of  the  source. 

The  experiments  we  have  just  supposed  made  show  us  that 
the  resistance  opposed  by  any  body — in  this  case  a  metal  wire 
— to  the  flow  of  electricity  through  it  depends  upon  the  length 
of  the  conductor,  increasing  as  this  increases,  and,  upon  the  sec- 
tional area,  diminishing  as  this  increases.  That  is  to  say,  for  a 
given  metal  the  resistance  is  proportional  to  the  length  of  the 
wire  and  mversely  proportional  to  the   area;    we  can   write, 

therefore, 

I  I 

B  =  K-  or  =  K- 


I  being  the  length  of  the  wire,  a  its  sectional  area,  and  r  its 
radius,  so  that  a  rz  n  r^.     ^  is  a  constant,  depending  upon  the 
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nature  of  the  conductor.  If  we  should  continue  these  experi- 
ments and  should  observe  the  effects  of  using  wires  of  different 
metals,  we  should  find  that  the  resistance  depends  not  only 
upon  the  length  and  sectional  area  of  the  conductor,  but  also 
upon  the  nature  of  the  material  as  well.  Thus,  the  resistance 
of  an  iron  wire  is  about  six  times  as  great  as  that  of  a  similar 
copper  conductor  ;  this  means  that  with  the  same  electro-motive 
force  a  current  six  times  as  great  will  flow  through  a  copper  bar 
as  through  an  iron  bar  in  all  respects  identical. 

It  has  become  necessary,  therefore,  to  adopt  some  metal  as 
a  standard  and  to  compare  other  conductors  with  it,  just  as  in 
the  determination  of  specific  gravities  the  density  of  every  sub- 
stance is  referred  to  that  of  water,  whose  density  is  assumed  to 
be  unity.  The  same  thing  has  been  done  in  this  case,  and 
silver  in  a  chemically  pure  state  has  been  selected  as  a  standard 
of  reference,  which  forms  a  basis  for  the  comparison  of  the 
resistance  of  other  metals. 

The  resistance  of  a  given  substance  is  affected  by  still 
another  circumstance  besides  its  length,  sectional  area,  and  its 
metallic  peculiarity,  namely,  it  depends  upon  the  temperature. 
In  all  cases,  so  far  as  known,  the  resistance  of  conductors 
increases  as  the  temperature  rises.  The  resistance  of  so-called 
non-conductors,  such  as  gutta-percha,  glass,  etc.,  however,  dimin- 
ishes with  increase  of  temperature,  and  the  same  thing  is  true 
for  all  electrolytes. 

The  relation  between  the  resistance  and  the  temperature  of 
metals  has  been  very  carefully  investigated,  and  it  has  been 
found  that  between  the  limits  of  0°  and  100°  C.  the  increase  of 
resistance  with  increase  of  temperature  is  very  regular  for  any 
one  metal,  but  that  it  varies  considerably  for  different  metals. 
If  we  call  q  the  increase  in  the  unit  resistance  for  1°  C.  rise  in 
temperature,  i?o  the  resistance  of  the  wire  at  0°  C,  and  R^  its 
resistance  at  a  temperature  (0,  then 

A  =  i?o  (1  +  5  0- 
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Hence,  to  make  the  foregoing  formula  perfectly  general  we 
must  write 

A  =  (1  +  g  0——  ^. 

Rq  being  the  resistance  of  unit  length  and  unit  cross-section. 
This  is  generally  called  the  specific  resistance. 

In  some  respects  the  electric  current  may  be  compared  to 
the  flow  of  water  throug'h  a  channel ;  that  is,  the  current  of 
electricity  obeys  the  laws  of  an  incompressible  fluid,  and  hence 
the  quantity  of  electricity  for  each  unit  area  may  be  greater  at 
some  parts  of  a  given  section  of  the  channel  than  at  others. 
Since  we  imderstand  by  the  quantity  of  electricity  flowing 
through  the  unit  area  the  density  of  the  current,  we  may  say 
that  the  current  density  is  variable  at  different  points  in  the 
circuit.  Wherever  and  from  whatever  cause  the  path  of  the 
current  is  confined  within  narrow  limits,  there  the  density  of  the 
current  will  be  greatest,  and  vice  versa.  When  the  current 
density  is  great  its  path  is  necessarily  restricted,  and  hence  the 
resistance  of  the  circuit  is  greater  than  it  would  be  for  a  smaller 
density. 

Advantage  of  this  fact  is  sometimes  taken  in  the  applica- 
tion of  electricity  to  the  human  body,  by  varying  the  size  of  the 
electrodes  through  which  the  current  passes.  When  it  is  de- 
sired to  make  the  resistance  ofiered  to  the  current  very  small  the 
practice  is  to  use  electrodes — moistened  pieces  of  sponge,  etc., 
fastened  to  metal  plates — of  large  surface,  and  small  electrodes 
for  larger  resistances.  In  this  way  the  area  through  which  the 
current  passes  can  be  varied,  and,  therefore,  with  it  the  density 
of  the  current. 

Kirchhoff's  Laws. — From  what  has  been  said  previously  it 
appears  that  the  resistance  of  any  circuit  is  equal  to  the  sum  of 
the  resistances  of  its  parts.  If,  for  instance,  we  join  end  to  end 
two  similar  whes  of  the  same  metal,  the  resistance  of  this  part  of 
the  circuit  will  be  twice  as  great  as  before.  Suppose,  however, 
that  we  place  the  wires  side  by  side,  as  in  Fig.  31.    The  result  in 
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this  case — assuming  that  the  wires  are  exactly  similar — ^will  be 
that  the  resistance  between  the  points  A  B  will  become  half  of 
what  it  was  mth  a  single  wire.  The  current  has  now  two  paths 
in  whicli  to  travel,  and  since  the  paths  are  alike  it  will  be 
"resisted"  only  half  as  strongly  as  if  there  were  but  a  single 
path.  There  is  a  good  analogy  to  this  in  the  case  of  water  flow- 
mg  from  a  tank  or  reservoir  through  pipes.  If  the  tank  has 
only  one  outlet  the  flow  of  water  will  be  half  as  great  as  if  it 
had  two  identical  openings,  and  so  on  for  any  number.  We 
assume,  of  course,  that  the  outlets  are  all  on  the  same  level,  so 
that  the  pressure  is  the  same  at  the  different  openings. 

Extending  the  principle,  we  see  that  the  resistance  between 
any  two  points  will  diminish  in  the  ratio  of  the  number  of  con- 
ductors joining  the  points. 
If,  therefore,  we  have  any 
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number  of  wires  (Fig.  32),  with  resistances,  R^  i?2,  ^P  to  R,^ 
joining  any  two  points  {A  and  B)  whose  difference  of  potential 
is  E,  we  have,  in  all  cases. 


E  E  E 


Jil  X?2  -K; 

Where  Ci^  G2 .  .  .  On  are  the  currents  in  the  wires,  Ri^  R2 
.  .  .  Rn  respectively.     Adding  these,  we  have 

Ci  -f  (7.  +  C3  .  .  .  (7„  =  ^  /-^  +—  +  —  -{-...  —\ 


If  we  write  for  the  sum 


\ ,  etc., 


the  single  term  -,  this  becomes 
Ci  +  C,  . 


C„ 


K 

E 
r 
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The  quantity  r  is  called  the  resultant  resistance  of  the  circuit, 
and  is  -  equal  to  the  sum  of  the  reciprocals  of  the  diiferent  re- 
sistances of  which  the  circuit  between  the  points  is  composed. 
Since,  however,  the  reciprocal  of  resistance  is  conductivity,  we 
may  say  that  the  resultant  conductivity  of  a  circuit  between  two 
given  points  is  equal  to  the  sum  of  the  separate  conductivities 
of  the  wires  joining  these  points. 

Wires  joined  in  this  way,  i.e.,  side  by  side,  are  said  to  be 
connected  in  "  parallel "  or  in  multiple  arc. 

In  the  case  of  two  wires  we  have 

or, 

1  i?i    -f-    i?2 


or,  what  amounts  to  the  same  thing, 


r  = 


^1    +    ^2 

that  is,  the  resultant  resistance  is  equal  to  the  product  of  the 
tico  separate  resistances  divided  hy  their  sum. 

Hence,  if  the  wires  are  equal,  R^  =  i?2,  and 


r  = 


2  R^  2 

i.e.,  the  resistance  is  half  as  great  as  before.     For  three  wires 

-'  =  -^+-^+^ 
r        i?,         J?2    '    i?3 

^  ^1    ^3   -{-   -^1   -Sg  -|-  ^2   ^3 

**  i?l   i?2   i?3 

y.    _    -^1    ^2   ^3 

Again,  iS  Bi  =  E2  =  R^^  then 


3  B^ 


=  ^^i 


KIRCHOFF  S   LAWS. 


39 


or  the  resistance  has  become  one-third  as  great  as  it  was  for  a 


single  wire. 


r  = 


In  the  general  case  of  n  wires  we  have 
B^  B^  B^ Bn 


Bi  B^ 


B^i  -f  i?i  i?3  . 


B^ 


-f-  B^  Bs 


B„ 


This  may  be  expressed  by  saying  that  the  resultant  resist- 
ance of  any  number  (n)  of  conductors  joined  in  parallel  is  equal 
to  the  product  of  all  the  n  resistances,  divided  by  the  sum  of  all 
the  products  which  can  be  formed  by  multiplying  n  —  ^  of  the 
resistances  together.  Tliis  is  known  as  the  law  of  multiple  con- 
ductors. 

The  foregoing  statement  regarding  the  continuity  of  elec- 
tric currents  may  be  put  into  another  form.  We  may  express  the 
same  thing  by  saying  that  the  algebraic  sum  of  all  the  currents  at 
a  point  is  zero ;  that  is,  if  we  call  the  currents  flowing  toward  a 


Ri 

■^ 

Pc 

Prt 
R* 

^1 

Pf 

Ra 


Po 
Pe 


R3 
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Fig.  34. 


point  (Fig.  33)  positive,  and  those  going  away  from  it  negative, 
then  the  sum  of  all  the  positive  currents  is  equal  to  the  sum  of 
all  the  negative  currents,  and  hence,  if  we  add  these,  the  result 
is  zero.  This  is  known  as  Kirclihoff^ s  first  law,  and  is  generally 
written  symbolically  thus : — 

where  the  sign  S  means  simply  summation,  due  regard  being 
given  to  the  signs. 

Let  us  now  consider  a  circuit  in  which  there  are  several 
sources  of  electro-motive  force  (Fig.  34).  Let  the  resistances  of 
the  various  sources  be  so  small  that  we  may  neglect  them,  and 
call  the  resistances  of  the  connecting  wires  R^^  R^,  -^3,  -^4,  ^s 
shown;  further  designate  the  potential  at  various  points  along 
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the  circuit  by  P^,  Pb,  etc.  We  can  then  apply  Ohm's  law  to 
the  case  in  the  following  way :  If  we  call  the  currents  in  the 
different  wires  Cy^  C^^  etc.,  we  have 

G-y  JRi  =  Pa  —  ^B,  ^2  -"2  ^^  Pc — "d,  ^3  -^3  ^^  -VB       "f, 
C4  P-i^^  Pg  —  Ph 

Adding  these,  we  obtain 

C^  P,  +  G,  P,  +  ^3  i?3  +  C,  P,  =  (Pa-  Pb)  +  {Pc-  Pd)  + 
{P^-P^)-^{P^-P^) 

The  quantities  on  the  right-hand  side  (P^  —  Pg^  etc.)  are 
the  differences  of  potential  in  the  sources  of  electro-motive  forces 
themselves,  and  for  these  we  can  therefore  write,  respectively, 
El  E2  E^  ^4.     The  equation  then  becomes 

j^;,    +    ^,    +    J?3    +    ^4    =    ^1    ^1    +    ^2    ^2    +    ^3    ^3    +     ^4    -^4 

which  can  also  be  written 

%E=X  G  R; 

that  is,  the  sum  of  all  the  electro-motive  forces  in  any  circuit  is 
equal  to  the  sum  of  all  the  products  obtained  by  multiplying  the 
separate  currents  by  the  resistances  through  which  they  are 
flowing.     This  is  known  as  Kircliliojfs  second  law. 

Where  we  have  a  complete  circuit,  as  in  the  figure,  it  is 
evident  that,  instead  of  C\  C^,  etc.,  we  can  use  a  single  term  G 
to  express  the  sum  of  the  values  of  the  currents,  since  the  same 
current  must  flow  through  all  parts  as  a  whole.  The  preceding 
thus  becomes 

2  ^  =  C  2  ^• 

Kirchhoff's  laws  are  of  great  value  in  the  consideration  of 
many  electrical  problems  in  which  complex  and  divided  circuits 
are  involved.  Let  us  take,  for  instance,  the  case  of  Wheat- 
stone's  bridge. 

Wheaistone's  Bridge. — Suppose  we  have  six  conductors, 
joined  up  as  in  Fig.  35.  Let  there  be  inserted  between  the 
points  B  and  C  a  galvanometer,  and  between  the  points  A  and 
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D  a  battery,  the  resistance  of  the  two,  with  connections,  etc., 
being  designated  respectively  by  K  and  R.  Suppose  that  the 
current  flows  in  the  direction  from  D  to  A  through  the  battery, 
and  let  the  potential  at  B  be  greater  than  that  at  C,  i.e.,  call  the 
difference  of  potential  between  B  and  A  (that  is,  B  —  A)  posi- 
tive, so  that  the  current  flows  as  shown  in  the  figure.     Then 


Fig.  36. 

we  have,  by  Kirchhoff^s  first  law,  calling  G  the  current  through 
the  galvanometer,  and  ^that  through  the  battery, 

E=G^+C^^     G=G^  —  C^^     G=G^  —  G^ 

From  the  second  law,  we  obtain  in  the  circuits  ABC, 
BCD,  etc., 

p   _A-B  _B-D  A-G  G-D 


B, 


Rci 


Rr, 


E. 


G  =  ^^=^,    S=^-^ 


KB 

From  these  equations  we  can  eliminate  Cj_^  C^,  C^^  G^^  and 
we  finally  obtain  the  relation 

^  (B,  +  i?3)  {B^  +  B^)+K  {B,  +  i?,  +  i?3  +  B^) 

But  the  bridge  is  always  used  under  the  condition  that  the 
galvanometer-current  shall  be  zero ;  hence,  G  =  0,  and  there- 
fore 

-Z?3  B2  ^—^  B^  B^ 
or, 

^1 ^ 

B^      -B4 
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It  follows,  therefore,  that  if  we  know  the  value,  in  any 
system  of  units,  of  one  of  the  resistances,  R^  i?2,  -^3,  or  R^^  and  the 
ratio  of  any  two  of  the  remaining  three,  we  can  determine  the 
value  of  the  other  at  once  in  the  same  system  of  units.  Thus, 
suppose  we  know  that  i?^  =  10  units,  and  suppose,  further,  we 
find  by  actual  experiment  that  Ri  :  R2=^  5;  then  we  have 

-^3  =  ^4^ 

-"a 

as  the  preceding  equation  may  be  written,  and,  substituting  the 
values  just  given,  we  get  i^g  =  10  X  ^  =  50  units. 

In  its  usual  form,  Wheatstone's  bridge  consists  of  a  wire 
of  uniform  section,  C  D  (Fig.  36),  stretched  alongside  a  scale, 
divided  generally  into  a  hundred  equal  parts.  This  wire  is  con- 
nected with  the  resistances  to  be  measured  by  means  of  a  pair 
of  heavy  copper  bars,  H^^  II2,  provided  with  binding  posts,  to 


Wheatstone's  Bridge. 


which  the  coils  R^  and  R^  may  be  fastened.  These  bars  are 
made  of  large  section,  so  that  their  resistance  may  be  very  small 
compared  with  that  to  be  measured.  The  third  bar,  H^^  is  used 
to  connect  the  resistances  under  experiment  together,  and  to 
make  a  contact  for  the  galvanometer. 

i?3  and  i?4  represent  the  known  and  unknown  resistances, 
respectively.  B  is  the  battery,  joined  up  as  shown,  and  G  is 
the  galvanometer.  One  contact  of  the  latter  is  Jixed  between 
the  resistances  R^  and  R^  and  one  is  variable,  the  point  P  being 
movable  along  the  wire  C  D  until  the  two  parts  into  which  it  is 
thus  divided  establish  the  sough t-for  equilibrium.  This  happens 
when  the  two  lengths  of  the  wire  G  D  are  in  the  same  ratio  as 
the  resistances  on  corresponding  sides,  R^  and  R^^  and  under 
these  circumstances  there  loill  he  no  current  through  the  galva- 
nometer.    Suppose,  for  instance,  that  R^  is  35  units,  and  that 
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the  point  P  occupies  such  a  position  as  to  divide  the  wire  C  D 
into  two  parts,  whose  lengths  are  16  and  84,  the  former  length 
being  on  the  left-hand  side;  then  we  have  at  once 

.     16  :  84  =  35:  a;; 
whence, 

84  X  35 

X  = =  183.75  units. 

16 

The  wire  C  D  must  be  of  uniform  section  in  order  that  we 
may  assume  the  resistances  of  its  two  parts  to  be  proportional  to 
their  lengths,  which  would  not  be  true  if  the  wire  were  thicker 
at  one  point  than  at  another. 

Heating  Effects  of  the  Current. — We  have  shown  (page  30) 
that  the  energy  of  a  charge  of  electricity  is  proportional  to  the 
quantity  of  electricity  in  the  charge  multiplied  by  its  potential. 
In  a  similar  way  we  can  prove  that  the  energy  of  a  current  of 
electricity  is  proportional  to  the  product  of  the  quantity  of  elec- 
tricity flowing  multiplied  by  the  electro-motive  force  inider 
which  it  flows ;  that  is,  if  we  have  a  current,  (7,  in  a  circuit 
whose  electro-motive  force  is  E  flowing  during  a  time,  if,  the 
energy  given  out  m  this  time  is 

C  Et 

or  we  may  say  that  the  rate  at  which  energy  is  given  out  is 
C  E.  If  the  conditions  outside  the  circuit  remain  the  same  (the 
circuit  itself  being  unchanged)  this  energy  is  all  converted  into 
heat ;  and  if,  therefore,  the  product  C  E  t  represents  energy.,  we 
must  multiply  this  by  a  factor  to  determine  the  heat  generated. 
This  factor  is  called  the  dynamical  equivalent  of  heat,  and  rep- 
resents the  number  of  units  of  heat  which  are  equivalent  to  the 
unit  of  work  or  energy.  The  former  is  that  quantity  of  heat 
which  will  raise  the  temperature  of  one  pound  of  water  one 
degree  centigrade,  and  the  latter,  written  /,  has  been  carefully 
determined  by  Joule  and  others. 
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From  Ohm's  law  we  can  write  the  product  G  E  hi  either 

of  two  ways.     Since 

E 

we  have,  hy  suhstituting  for  C  in  the  equation  just  given,  the 

expression 

1         t 

H=-  E^  - 

J        B 

That  is,  the  heat  generated  is  equal  to  the  square  of  the  electro- 
motive force  multiplied  by  the  time  the  current  was  flowing, 
divided  by  the  resistance,  and  divided  by  Joule's  equivalent,  /. 
Or,  since  E  =  G  R^  we  obtain,  by  substitutmg  G  R  for  E, 

H=  C^  Bt  - 
u 

which  can  be  stated  thus :  The  heat  generated  by  the  current, 
(7,  flowing  during  the  time,  ^,  is  equal  to  the  square  of  the 
current  multiplied  by  the  resistance,  multiplied  by  the  time,  and 
divided  by  J,  as  before.  Any  one  of  these  formulae  may  be 
used  indiscriminately,  and  in  a  particular  case  we  employ  that 
form  which  contains  only  such  of  the  quantities  (7,  R,  and  E  as 
are  given  or  known. 

Thus,  if  we  know  both  the  current  and  the  electro-motive 
force,  we  use  the  first  equation.  If  we  do  not  know  the  value 
of  the  current,  but  have  the  electro-motive  force  and  resistance 
given,  we  employ  the  second  formula,  and  so  on. 

These  laws  apply  to  a  part  of  a  complete  circuit  as  well  as 
to  the  entire  circuit.  Thus,  if  we  know  the  resistance,  R,  in 
any  part  of  a  circuit  (Fig.  37)  in  which  a  current,  (7,  is  flowing, 
then  we  have,  for  the  rate  at  which  heat  is  generated  in  that 
particular  part  of  the  circuit, 

G^  B 
J 

If,  in  another  part,  we  do  not  know  the  resistance  {R<^,  but 
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find  the  potential  at  the  ends  of  this  part  to  be  Vi  and  T^^  we 
have  for  the  rate  of  generation  of  heat,  as  before, 

(  ^1  -  V.)  G 
J 

These  formulae  will  be  found  very  useful  in  their  applica- 
tion to  the  actual  cautery  and  to  the  calculation  of  the  heating 
effects  m  the  various  surgical  devices  which  are  raised  to  a  high 
temperature  by  means  of  the  electric  current. 

Electrolysis. — When  a  current  is  made  to  flow  through  a 
hquid  a  chemical  change  will  m  most  cases  be  found  to  occur 
at  the  points  where  the  cun-ent  enters  and  where  it  leaves  the 
liquid.     Tliis  change  will  be  diiferent  in  diff'erent  cases ;  it  may 


- — gljTS' 


Vi 
Ra 
Va 


)))    > 


Fig.  37. 


Fig.  38. 


consist  in  the  liberation  of  a  gas  at  one  or  both  of  these  points, 
or  in  the  deposition  or  solution  of  a  metal. 

Thus,  if  we  dip  two  platinum  plates  (Fig.  38)  in  a  vessel 
of  ordinary  undistilled  water  and  attach  the  plates  by  means  of 
a  wire  with  the  poles  of  a  sufficiently  strong  battery,  we  shall 
notice  in  a  short  time  that  gas  bubbles  are  beginning  to  form  on 
both  of  the  plates.  If  the  current  is  much  increased  the  gas 
bubbles  will  be  formed  in  such  quantities  that  they  will  become 
detached  from  the  surface  of  the  plates  and  will  rise  to  the  top 
of  the  liquid. 

If,  instead  of  using  ordinary  water,  we  had  immersed  the 
plates  in  a  solution  of  sulphate  of  copper,  we  should  have 
found  that  the  plate  through  which  the  current  left  the  liquid 
was  covered  with  a  deposit  of  copper,  which,  under  favorable 


46  PRACTICAL   ELECTRICITY   IN   MEDICINE   AND   SURGERY. 

circumstances,  would  be  in  the  form  of  a  bright  metalUc  film, 
while  the  other  plate  remained  unchanged.  In  this  case,  with  a 
current  not  too  strong,  we  should  have  observed  no  evolution  of 
gas  at  either  plate ;  but  if  by  a  careful  analysis  or  other  means 
we  had  accurately  determined  the  amount  of  copper  present  as 
sulphate  in  the  solution,  we  should  have  found  it  diminished  by 
the  exact  amount  deposited  on  the  platinum  plate  after  the  pas- 
sage of  the  current.  Further  than  this,  if  we  had  used  a  copper 
plate  instead  of  the  platinum  plate  ivhicJi  loe  found  unaffected 
we  should  have  observed  this  to  lose  in  weight  exactly  what  the 
platinum  plate  gained ;  but  in  this  case  the  strength  of  copper- 
sulphate  solution  would  remain  unchanged. 

This  action  of  the  electric  current  is  universal,  and  we 
always  find  that  the  solution  through  which  the  current  passes 
tends  to  become  weaker  while  one  plate  gains  a  definite 
amount  of  metal,  the  gain  on  one  side  and  the  loss  on  the  other 
being  exactly  equivalent.  It  is  always  found  that  the  metal  is 
deposited  in  a  certain  way  relatively  to  the  direction  of  the  cur- 
rent ;  that  is,  only  the  plate  through  which  the  current  leaves 
the  solution  receives  a  deposit;  and,  furthermore,  it  is  found 
that  the  weight  of  metal  so  deposited  is  exactly  proportional  to 
the  whole  quantity  of  electricity  which  has  passed  through  the 
solution.  These  phenomena,  included  under  the  term  elec- 
trolysis, have  been  subjected  to  very  careful  study  and  meas- 
urement, and  their  laws  have  been  quite  fully  investigated. 

Faraday  called  the  positive  plate — ^.e.,  the  plate  through 
which  the  current  enters  the  liquid — the  anode^  the  negative 
plate  the  hatliode^  both  together  being  called  indefinitely  elec- 
trodes. The  solution  through  which  the  current  flows  is  called 
an  electrolyte^  the  substance  deposited  on  the  negative  plate — 
generally  a  metal — being  the  hathion^  that  deposited  on  the  pos- 
itive plate  the  anion,  and  both  products  of  decomposition  being 
ions.     These  terms  are  now  very  generally  used. 

Polarization. — In  the  experiment  cited  above,  of  passing  a 
current  through  two  platinum  plates  dipping  in  water,  we  shall 
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observe  that  the  strength  of  the  current  rapidly  diminishes  after 
a  few  minutes,  and  unless  the  galvanometer  we  are  using  is  ex- 
tremely sensitive  the  current  in  a  short  time  will  apparently 
cease  altogether.  If  we  now  break  the  circuit  and  take  out  the 
battery,  then  join  the  two  plates  by  a  wire,  including  a  galva- 
nometer, we  shall  observe  a  current  in  the  opposite  direction  to 
the  former,  which  also,  after  a  very  short  time,  will  become  too 
small  to  be  perceptible.  This  diminution  of  the  primary  current 
and  production  of  a  reverse  current  is  due  to  a  single  cause, — 
the  action  of  the  gas  condensed  on  the  surface  of  the  electrodes. 
The  action  has  led  some  experimenters  to  affirm  that  Ohm's  law 
does  not  hold  in  this  case.  Such  statements  seem,  however,  to 
be  unwarranted,  and  later  investigation  has  shown  that  Ohm's 
law  is  just  as  true  for  electrolytic  conduction  as  for  any  other. 
In  other  words,  it  appears  that  the  gas  on  the  electrodes  sets  up 
a  reverse  electro-motive  force,  which,  acting  in  the  opposite  direc- 
tion to  that  of  the  decomposing  current,  diminishes  the  effect  of 
this  until  finally  the  current  itself  becomes  so  small  as  to  be 
unnoticeable.  Moreover,  the  phenomenon  is  very  seriously 
affected  by  the  quality  of  the  water  used,  and  it  is  found  that 
with  very  pure  water  in  the  electrolytic  cell  a  very  much  greater 
electro-motive  force  is  required  than  if  we  had  used  ordinary 
undistilled  water. 

The  phenomena  just  mentioned  are  not  evident  when  abso- 
lutely pure  water  containing  dilute  sulphuric  acid  and  perfectly 
clean  platinum  plates  are  used  in  connection  with  a  small  electro- 
motive force.  In  this  case  it  is  found  that  after  a  very  short 
time  the  current  actually  vanishes.  Disturbing  effects  are  due 
to  the  presence  of  free  hydrogen  and  oxygen  gas  in  the  liquid 
itself;  but  if  under  the  conditions  referred  to, — i.e.,  if  we  employ 
chemically-pure  substances, — then  no  discrepancies  arise. 

The  gases  present  on  the  plates  (and  a  certain  amount  can 
always  be  found)  seem  to  be  much  more  intimately  associated 
with  the  metal  than  would  result  from  mere  condensation,  and 
seem  to  show  something  of  the  nature  of  a  chemical  combination. 
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In  all  cases  of  electrolysis  it  is  found  that  the  weight  of 
substance  decomposed  by  a  given  current  is  always  the  same  for 
that  substance,  whatever  may  be  the  chemical  state  in  which  it 
occurs.  Thus,  if  we  allow  the  unit  current  to  flow  for  one  minute 
through  a  solution  of  silver  nitrate  the  amount  of  silver  depos- 
ited on  the  anode  will  be  the  same  as  if  we  had  employed  fused 
silver  chloride  or  any  other  salt  of  silver  in  such  a  state  as  to 
allow  the  passage  of  the  electric  current.  It  has  also  been 
observed  that  the  quantity  of  substance  decomposed  by  the  unit 
current  in  the  unit  time — that  is,  one  second — bears  a  certain 
definite  relation  to  the  atomic  weight  of  the  substance,  and  the 
quantity  of  an  element  set  free  under  these  circumstances — that 
is,  by  the  unit  current  in  one  second — is  called  the  electro- 
chemical equivalent  of  the  substance. 

From  this  it  follows  that  if  we  know  the  atomic  weight  of 
any  element  and  the  electro-chemical  equivalent  of  some  other 
substance  which  may  be  taken  as  a  standard  of  reference,  we 
can  calculate  either  the  quantity  of  electricity  which  has  flowed 
through  the  substance  (supposed  in  solution  and  its  weight 
known),  or  we  can  determine  the  weight  decomposed  by  the 
current  when  we  know  the  value  of  the  current  and  the  length 
of  time  it  has  been  flowing.  On  this  fact  depends  the  accuracy 
and  usefulness  of  an  instrument  called  the  voltameter*  which 
is  extensively  employed  as  a  means  of  standardizing  current 
measuring  instruments. 

It  has  been  stated  that  electrolytic  conduction  takes  place 
in  accordance  with  Ohm's  law  as  truly  as  does  ordinary  metallic 
conduction.  Yet  apparent  discrepancies  exist,  and  the  explana- 
tion is  diflicult,  even  impossible,  unless  all  attending  circum- 
stances are  taken  into  consideration.  An  apparent  difficulty  is 
the  action  before  referred  to,  which  reduces  the  current  flowing 

*  A  voltameter  (Fig.  38)  is  simply  a  vessel  containing  a  very  pure  solution  of  some  metallic 
salt  (nitrate  of  silver  or  sulphate  of  copper  being  most  frequently  used),  in  which  dip  two  plates 
of  pure  metal.  Sometimes  a  metallic  vessel  is  employed,  this  constituting  itself  one  electrode. 
By  weighing  one  electrode  before  and  after  the  passage  of  the  current,  thus  determining  the 
loss  or  gain  in  weight,  for  a  given  number  of  minutes,  the  current  which  has  flowed  can  be 
calculated  at  once. 
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through  an  electrolyte  after  it  has  been  running  a  short  time, 
until  it  finally  ceases  altogether.  It  has  been  found  as  stated, 
however,  that  the  reduction  in  the  intensity  of  the  current  is  due 
to  an  opposing  or  counter  electro-motive  force,  so  that  we  have 
acting  in  the  circuit  not  the  electro-motive  force  of  the  source 
itself,  but  the  difference  between  this  and  the  counter  electro- 
motive force  set  up  in  the  voltameter.  If  we  should  carefully 
determine  this  difference,  and  then  measure  the  current,  we 
should  find  that  Ohm's  law  is  rigorously  true  in  this  case,  as  in 
all  others.  Thus,  if  E  is  the  electro-motive  force  of  the  source, 
e  that  of  the  voltameter  (negative  because  in  the  opposite 
direction  to  E),  we  have 

E  —  e 

C  urrent  = • 

r 

r  being  the  total  resistance. 

In  order  to  explain  the  phenomenon  of  electrolysis  several 
hypotheses  have  been  advanced,  the  most  noteworthy  of  which 
is,  perhaps,  the  theory  of  Clausius,  which  can  be  given  in  the 
following  way : — 

"  According  to  the  theory  of  molecular  motion,  of  which 
Clausius  himself  has  been  the  chief  founder,  every  molecule  of 
the  fluid  is  moving  in  an  exceedingly  irregular  manner,  being 
driven  first  one  way  and  then  the  other  by  the  impact  of  mole- 
cules, which  are  also  in  a  state  of  agitation. 

"  This  molecular  agitation  goes  on  at  all  times  independ- 
ently of  the  action  of  electro-motive  force.  The  diffusion  of  one 
fluid  through  another  is  brought  about  by  this  molecular  agita- 
tion, which  increases  in  velocity  as  the  temperature  rises.  The 
agitation  being  exceedingly  irregular,  the  encounters  of  the  mole- 
cules take  place  with  various  degrees  of  violence,  and  it  is  prob- 
able that  even  at  low  temperatures  some  of  the  encounters  are 
so  violent  that  one  or  both  of  the  component  molecules  are  split 
up  into  their  constituents.  Each  of  these  constituent  molecules 
then  knocks  about  among  the  rest  until  it  meets  with  another 
molecule  of  the  opposite  kind,  with  which  it  unites  to  form  a 
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new  molecule  of  the  compound.  In  every  compound,  therefore, 
a  certain  proportion  of  the  molecules  at  any  instant  are  broken 
up  into  their  constituent  atoms.  At  high  temperatures  the 
proportion  becomes  so  large  as  to  produce  the  phenomenon  of 
dissociation. 

"  Now,  Clausius  supposes  that  it  is  on  the  constituent 
molecules  in  their  intervals  of  freedom  that  the  electro-motive 
force  acts,  deflecting  them  slightly  from  the  paths  which  they 
would  otherwise  have  followed,  and  causing  the  positive  constit- 
uents to  travel,  on  the  whole,  more  in  the  positive  than  in  the 
negative  direction,  and  the  negative  constituents  more  in  the 
negative  than  in  the  positive  direction.  The  electro-motive 
force  does  not,  therefore,  produce  the  disruptions  and  reunions 
of  the  molecules,  but,  finding  these  disruptions  and  reunions 
already  going  on,  it  influences  the  motion  of  the  constituents 
during  their  intervals  of  freedom.  The  amount  of  this  influence 
is  proportional  to  the  electro-motive  force  when  the  temperature 
is  given.  The  higher  the  temperature,  however,  the  greater 
the  molecular  agitation  and  the  more  numerous  are  the  free 
constituents."*  Hence,  the  electro-motive  force  has  more  atoms 
on  "which  to  act,  and  there  is  a  more  rapid  evolution  of  gas  at 
the  surfaces  of  the  electrodes.  This  also  explains  why  the  con- 
ductivity of  electrolytes  increases  with  increase  of  temperature. 

Clausius'  explanation  of  electrolysis  seems  to  accord  with 
what  is  known  experimentally  better  than  any  other  which  has 
yet  been  put  forward,  and  the  theory  of  molecular  agitation  on 
which  it  depends  is  the  foundation  of  the  so-called  kinetic 
theory  of  gases  now  very  generally  accepted. 

*  Maxwell,  "Elec,  and  Mag," 
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Magnetism. 

Magnetism  was  first  discovered  by  the  ancients  as  a  property 
of  a  now  well-known  and  widely-scattered  mineral  called  the 
loadstone,  which  is  an  oxide  of  iron  of  the  composition  Fe304. 

It  has  long  been  known  that  if  we  dip  a  fragment  of  load- 
stone into  a  mass  of  iron  filings  the  filings  will  chng  to  the 
latter,  and  that  they  will  adhere  in  greater  numbers  at  certain 
particular  regions  than  at  others.  These  regions  are  sometimes 
Avell  defined,  and  we  shall  observe  that  there  are  always  two 
spots,  usually  the  ends,  whose  properties  are  of  an  opposite 
character  (as  in  the  case  of  bodies  charged  with  electricity),  sep- 
arated by  an  interval  of  little  or 
even  no  action  at  all. 


Fig.  39. 


Fig.  40. 


That  the  opposite  ends  of  a  piece  of  natural  magnet,  as  we 
may  call  the  loadstone,  possess  really  opposite  properties  can  be 
shown  in  many  ways.  If  we  allow  the  needle  of  an  ordinary 
compass  (Fig.  39)  to  come  to  rest  and  approach  one  end  of  the 
loadstone  to  it,  it  will  move,  and,  let  us  suppose,  it  is  repelled. 
After  it  has  again  come  to  rest  turn  the  loadstone  end  for  end 
and  bring  it  near  the  needle  again ;  the  needle  will  be  attracted. 
If  we  take  a  rod  of  rather  hard  iron  and  rub  one  end  over  one 
extremity  of  the  loadstone  and  the  other  end  over  the  other  ex- 
tremity, we  shall  observe  a  similar  phenomenon  in  the  iron  so 
treated.     Again,  let  us  rub  one  end  of  a  bar  of  iron  with  end  A 

(51)      . 


52  PRACTICAL    ELECTRICITY   IN   MEDICINE   AND    SURGERY. 

of  the  loadstone  (Fig.  40),  one  end  over  B.  Treat  another  bar 
in  a  similar  way.  Then  we  shall  find  that  the  ends,  both  of 
which  have  been  rubbed  with  A  or  B^  repel  each  other,  and 
that  the  ends  rubbed  with  A  attract  the  ends  rubbed  with  B ; 
i.e.,  like  ends  repel,  unlike  attract,  exactly  as  we  have  already 
found  in  the  case  of  electricity. 

The  ends  of  a  piece  of  loadstone,  or  of  a  bar  of  iron  or 
steel,  rubbed  by  it  are  called  the  magnetic  poles,  and  the  oppo- 
site extremities  are  distinguished  by  the  names  nortJi  and  south 
poles.  This,  as  in  electricity,  in  which  we  distinguish  between 
positive  and  negative,  is  merely  a  matter  of  convention. 

It  is  well  known  that  if  we  suspend  a  piece  of  loadstone  so 
that  it  is  free  to  turn  it  will  take  up  a  definite  position  relatively 
to  certain  fixed  directions  on  the  earth's  surface  ;  and  that  a  rod 
of  steel  or  hard  iron  which  has  been  acted  upon  by  a  natural 
magnet,  which  we  may,  therefore,  call  an  artificial  magnet,  will 
act  in  a  similar  manner.  One  end  of  the  magnet  will  turn  in  a 
northerly  direction,  though  not  exactly  north,  and  this  end  is 
by  common  acceptation  called  the  north  pole,  the  south  pole, 
of  course,  being  at  the  opposite  end. 

The  mariner's  compass,  without  which  modern  navigation 
would  be  an  impossibility,  is  simply  an  artificial  magnet  sus- 
pended on  a  pivot  and  free  to  turn,  with  very  little  friction,  in  a 
horizontal  plane. 

As  in  electricity,  so  in  magnetism,  it  is  necessary  to  speak 
of  quantity,  and  the  unit  quantity  of  magnetism,  or  unit  pole,  is 
simply  a  matter  of  definition  to  which  other  quantities  are 
referred. 

The  unit  pole  is  defined  as  that  pole  which  will  repel  an- 
other similar  pole,  placed  at  the  unit  distance  from  it,  with  a 
unit  force.  Thus,  its  value  depends  upon  the  system  of  funda- 
mental units  ;  namely,  of  length,  of  time,  and  of  mass  which  we 
may  have  adopted. 

If,  in  accordance  with  the  notation  of  electrical  quantities, 
we   call   north   magnetism  plus    (+)   and    south    magnetism 
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minus  ( — ),  then,  also,  we  may  show  that  the  total  quantity  of 
magnetism  in  any  magnet,  with  due  regard  to  signs,  is  zero. 
The  idea  of  two  magnetic  fluids  is  also  useful  in  some  cases,  but 
we  must  remember  that  it  is  only  for  convenience  that  it  is 
adopted,  and  to  more  readily  explain  the  action  of  magnets  and 
magnetic  bodies.  Thus,  it  is  often  assumed  that  there  is  a  dis- 
tribution of  these  magnetic  fluids  over  the  surface  of  every  mag- 
net, and  that  the  quantity  present  on  the  surface  varies  from 
place  to  place.  It  is,  therefore,  very  similar  to  the  distribution  of 
electricity  over  the  surface  of  conductors.  If  by  any  appropriate 
means  we  determine  this  magnetic  distribution,  for  instance, 
very  roughly,  by  dipping  a  bar  magnet  in  iron  filings,  and 
observing  where  the  filings  are  most  dense,  we  shall  find  it  to 
resemble  that  shown  in  Fig.  41. 
Thus,  the  filings  will  adhere  very 
much  more  strongly  at  the  ends,  and 
their  density  will  gradually  diminish 
as  we  approach  the  central  region, 
until,  when  we  reach  the  centre  itself, 
there  is  no  eff'ect  observable  at  all. 
AVe  assume,  then,  that  the  magnetic 
fluids  present  on  the  magnet — plus 
at  one  end,  minus  at  the  other — are 

concentrated  at  the  ends,  and  that  the  centre  is  a  neutral  region, 
as  shown  in  the  figure,  where  the  curves  represent  the  apparent 
density  of  magnetic  fluid  along  the  length  of  the  magnet. 

Total  Quantity  of  Magnetism  is  Zero. — If  we  break  a  magnet 
of  any  form  whatever  it  might  be  thought  from  the  preceding 
that,  if  the  fracture  should  occur  at  the  middle  part,  there  will  be 
no  magnetism  at  these  ends.  Such,  however,  is  not  the  case; 
and  the  magnetism  at  the  broken  surfaces  will  be  the  same  in 
quantity  as  at  the  original  ends, — similarly  in  every  respect  to 
what  we  have  found  to  occur  in  electric  distribution.  If  the 
magnet  in  Fig.  42  is  broken  in  halves,  each  piece  will  form  a 
magnet  as  strong,  or  nearly  as  strong,  as  the  original  magnet. 


Fig.  41. 
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And  generally,  if  a  magnet  is  broken  up  into  any  number  of 
pieces,  each  of  them  will  form  a  magnet  of  the  same  strength  as 
the  original  magnet  itself  When  joined  together  again  by  their 
fractured  surfaces,  the  original  magnet  will  be  reproduced. 
For,  suppose  the  magnet  N  S  is  broken  up  into  four  pieces,  as 
shown  in  Fig.  42,  we  may  consider  that  at  any  point  of  the 
original  magnet  there  are  equal  quantities  of  N  and  S  magnet- 
ism present,  and  that,  being  equal  and  opposite,  their  total 
effect  is  zero.  This  is  really  the  case  when  the  broken  magnet 
is  restored  by  joining  the  fragments  together.  For  at  every 
fractured  surface  there  are  equal  N  and  S  poles,  which  neutral- 
ize each  other ;  and  hence  the  only  effective  magnetism  is  that 
at  the  ends,  which  is  practically  the  same  in  quantity  now  as 
before  the  magnet  was  ruptured. 


It  might  seem  that  this  was  contrary  to  the  law  of  the  con- 
servation of  energy,  inasmuch  as  it  might  appear  that  energy  is 
created  by  the  process.  A  little  reflection,  however,  shows  us 
that  this  is  only  apparently  true,  since  the  fragments  of  the 
broken  magnet  are  not  themselves  magnets  until  they  are  sepa- 
rated, and  in  the  act  of  separating  them  we  do  an  amount  of 
work  equal  to  that  which  they  could  do  by  attracting  other 
magnets. 

Lines  of  Magnetic  Force. — In  the  explanation  of  electrical 
attractions  and  repulsions  we  made  use  of  Faraday's  idea  of 
lines  of  force.  In  the  study  of  magnetism  we  shall  find  the 
conception  of  very  much  greater  value,  and  shall  at  once  realize 
how  materially  it  will  aid  us  in  the  understanding  of  many  mag- 
netic and  electro-magnetic  phenomena  of  the  utmost  importance. 

According  to  Faraday's  view  every  magnet  is  supposed  to 
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Fig.  43. 


send  outward  from  itself  "  lines  of  force  "  into  the  surrounding 
region.  Starting  from  one  pole,  they  go  outward  a  certain 
distance,  and  then,  curving  backward  in  a  more  or  less  regular 
manner,  they  finally  reach  the  opposite  pole.  The  general 
directions  of  these  lines  of  force  for  an  ordinary  bar  magnet 
are  exhibited  with  sufficient  accuracy  in  Fig.  43.  Fig.  44 
shows  the  lines  of  force  around  the  poles  of  a  horse-shoe 
magnet.  They  can  be  easily  obtained  by  dropping  iron  filings 
on  a  piece  of  card-board  held  over  the  poles  of  the  magnet. 
Under  these  circumstances  the 
little  particles  of  iron  become 
themselves  magnets,  and  direct 


themselves  according  to  the 
direction  of  the  magnetic  force 
at  the  points  they  occupy.  By 
slightly  tapping  the  card  the  par- 
ticles are  shifted  about  and  are 
enabled  to  group  themselves 
more  readily,  which  they  do  in 
a  very  regular  manner.  The 
lines  of  force  are,  therefore,  the 
directions  which  a  magnet  would 
take  up,  if  freely  suspended  so 
that  it  could  rotate  under  the 
action  of  the  existing  magnetic 
force.       The    region    itself    in 

which  these  lines  of  force  exist,  i.e.,  the  space  surrounding  a 
magnet,  is  called  the  magjietic  fields  and  if  we  know  at  every 
point  the  direction  and  number  of  the  lines  of  force  the  field  is 
completely  defined.  For  we  may  take  the  number  of  lines  of 
force  within  any  given  area  as  a  measure  of  the  relative  intensity 
of  the  magnetic  force  within  that  area. 

These  two  ways  of  regarding  the  phenomenon  of  magnetic 
distribution  are  really  alike,  for  the  density  of  the  so-called  mag- 


Fia  44. 


netic  fluids  over  a  magnet  corresponds  with  the  relative  number 
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of  lines  of  force  issuing  from  its  surface  at  different  points. 
Thus,  at  the  poles,  where  we  have  supposed  the  magnetic  fluids 
to  accumulate,  there  the  lines  of  force  issuing  are  greatest  in 
number,  and  this  can  be  shown  experimentally.  Near  the 
centre  there  are  no  lines  of  force,  which  is  in  agreement  with 
the  hypothesis  that  here  the  magnetic  fluid  is  also  absent. 

Indeed,  we  could  determine  the  magnetic  distribution  from 
the  number  of  lines  of  force  by  supposing  a  unit  of  magnetism 
to  give  rise  to  a  certain  number  of  lines  of  force,  which  we  could 
take  as  the  unit  for  comparison. 

The  law  which  determines  the  intensity  of  the  attraction 
and  repulsion  between  two  magnets  is  not  so  easy  to  prove  as 
the  corresponding  law  in  electricity ;  for  we  cannot  separate  one 
pole  of  a  magnet  from  the  other,  that  is,  we  cannot  separate  the 
two  kinds  of  magnetism  from  each  other.  We  can,  however, 
approximate  to  this  by  using  long,  thin  magnets;  for  then,  the 
poles  being  nearly  at  the  ends,  are  far  enough  apart  to  be 
studied  separately.  In  a  manner  similar  to  the  method  of 
experiment  adopted  by  Coulomb  it  is  found  that  the  attraction 
between  two  dissimilar  poles  is  equal  to  the  product  of  the 
strength  of  the  poles  (that  is,  the  product  of  the  quantities  of 
magnetism)  divided  by  the  distance  between  them,  squared, 
exactly  as  in  the  case  of  electricity. 

Earth  a  Large  Magnet — As  is  well  known,  a  magnet,  when 
freely  suspended,  away  from  other  magnets,  will  assume  always 
a  definite  direction,  relatively  to  the  geographical  meridian  at 
the  place.  This  is  due  to  the  action  of  the  earth,  which  has  in 
consequence  been  compared  to  a  large  magnet,  and  the  directions 
of  its  lines  of  force  over  the  greater  part  of  the  globe  have 
been  carefully  studied  and  mapped  out. 

Horizontal  and  Vertical  Components  of  the  Earth's  Force. — 
There  are  always  to  be  considered  two  components  of  the  earth's 
magnetic  force — a  horizontal  and  a  vertical  component,  both  of 
which  exert  an  action  on  a  freely-suspended  magnet.  The 
horizontal  component  is,  however,  much   more  important  in 
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electrical  work  than  the  vertical,  since  it  is  this  force  only  which 
can  affect  most  electrical  measuring  instruments.  This  is  on 
account  of  the  way  in  which  the  magnetic  needle  is  suspended, 
which  does  not  permit  any  movement  in  a  vertical  plane. 

The  direction  of  the  earth's  horizontal  force  is  not  always 
the  same  relatively  to  the  meridian  lines  on  its  surface;  that  is, 
the  magnet  does  not  point  due  north  and  south,*  and  it  also 
varies  in  the  same  place  from  time  to  time.  This  deviation  from 
a  true  north  and  south  orientation,  at  any  point,  is  called  the 
magnetic  declination  at  that  point,  and  occasionally  the  declina- 
tion is  very  marked,  amounting  to  many  degrees  in  some  cases. 
The  general  direction  of  the  lines  of  ibrce  themselves  at  any 
locality  is  called  the  "magnetic  meridian." 

The  action  of  the  earth  on  a  suspended  magnet  is  simply  a 
tendency  to  cause  rotation — if  the  magnet  is  displaced  from  its 
normal  position — and  there  is  no  ten- 
dency whatever  to  cause  a  movement  ^' 

of  the  magnet  as  a  whole,  because  the    > 

effect    on    the   two    poles   are    exactly    > 

equal  and  opposite.     If  the  magnet  is  f^TIs     ^ 

deflected   from   its   normal   position — 

that  is,  from  the  magnetic  meridian — the  force  with  which  it  is 
pulled  back  varies  as  the  sine  of  the  angle  of  rotation,  not  with 
the  angle  itself  It  is  greater  the  longer  the  magnet,  and  the 
stronger  its  magnetic  poles. 

A  magnetic  field  in  which  the  lines  of  force  are  parallel 
and  at  equal  distances  apart  is  called  a  uniform  field  (Fig.  45). 
Such  a  field — at  least  throughout  the  small  space  which  we  ever 
have  occasion  to  consider  at  any  one  time — is  that  of  the  earth,  but 
it  is  seldom  that  we  can  produce  a  field  of  this  sort  artificially, 
and  then  only  throughout  a  very  limited  area. 

Magnetic  Induction. — We  have  heretofore  considered  only 
such  magnetic  bodies  as  the  loadstone  itself  or  bodies  which 
have  been  rendered  magnetic  by  being  rubbed  with  a  piece  of 

*  Except  along  two  lines  drawn  on  the  earth's  surface,  which  are  called  lines  of  no  deviation. 
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loadstone.  A  bar  of  steel,  or  rather  hard  h'on,  magnetized  in  this 
way,  is  said  to  be  magnetized  hy  induction^  and  the  phenomenon 
is  of  very  much  the  same  kind  as  that  of  electrification  by  in- 
duction. But  in  the  latter  case  the  electrification  completely 
disappears  on  the  removal  of  the  inducing  body,  while  here  the 
magnetism  is  always  more  or  less  permanent.  If  we  bring  a 
piece  of  hard  iron  near  a  natural  magnet  (Fig.  46)  the  direction 
of  the  lines  of  force  due  to  the  latter  is  changed  in  such  a  way 
as  to  make  a  certain  number  pass  through  the  iron  itself  (Fig.  47). 
The  iron  is  said  to  be  a  better  conductor  for  the  lines  of  mag- 
netic force  than  the  air,  and  the  lines  therefore  tend  to  pass 
through  the  iron  as  much  as  possible.  This  is  shown  in  the 
figures.    In  the  first  we  have  the  normal  distribution  of  mag- 
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netism  shown  by  the  direction  of  the  lines  of  force  issuing  from 
the  poles  N  and  S.  In  the  latter  we  observe  how  these  direc- 
tions have  become  changed,  and  how  a  number  of  lines,  instead 
of  passing  directly  backward  from  the  north  pole  to  the  south 
pole,  enter  first  the  iron  rod,  proceed  a  certain  distance  through 
this,  and  then,  issuing  from  its  end  and  sides,  curve  backward 
and  terminate  at  the  south  pole  of  the  loadstone.  We  also 
observe,  assuming  that  the  lines  of  force  have  their  origin  at  the 
north  pole  of  the  loadstone,  that  where  they  enter  the  iron  rod 
a  south  pole  is  developed,  the  north  pole  being  indefinitely 
located  near  the  farther  extremity. 

If  the  loadstone  is  now  removed  the  magnetism  that  re- 
mains re-adjusts  itself,  and  the  lines  of  force  assume  their  normal 
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form,  the  poles  being  at  or  near  the  ends.  The  intensity  of  the 
magnetization  after  the  removal  of  the  loadstone  is  not  the  same 
under  all  circumstances,  but  depends  upon  the  nature  of  the 
magnetized  body.  We  have  supposed  steel  or  hard  iron  used  in 
the  experiments  just  mentioned,  and  under  these  circumstances 
the  magnetic  effect  is  quite  permanent.  It  is  not  absolutely 
constant ;  indeed,  it  diminishes  considerably  at  the  instant  the 
magnetizing  force  is  removed,  but  after  that  it  changes  under 
favorable  conditions  very  little.  If  we  had  used  a  soft-iron  rod, 
however,  scarcely  any  residual  magnetism  would  have  been  ob- 
servable after  the  loadstone  had  been  removed  to  a  distance. 
Soft  iron  is  very  much  easier  to  magnetize  than  hard  iron  or 
steel,  and  is  also  very  much  easier  to  demagnetize,  and  this 
property  is  closely  related  to  the  liliysical  hardness  or  softness  of 
the  material.  According  to  Weber's  theory  of  magnetism,  the 
particles  of  iron  and  steel  are  supposed  to  rotate  under  the  action 
of  the  magnetic  force,  so  that  their  poles  assume  all  the  same 
direction.  In  a  bar  of  iron  not  subject  to  magnetic  force  the 
particles  are  situated  indefinitely  as  regards  direction, — on  the 
whole,  as  many  pointing  one  way  as  the  opposite.  Magnetic 
force  tends  to  turn  these  all  in  the  same  direction,  so  that  the 
effects  are  added  together,  and  in  hard  iron  and  steel  the  mole- 
cules, once  rotated,  do  not  easily  regain  their  former  directions, 
but  remain  as  they  are.  However,  the  intensity  of  this  residual 
magnetism,  as  it  is  called,  is  really  a  matter  of  degree.  The 
hardest  steel  gradually  loses  some  of  its  magnetism  (it  may  be 
very  little),  and  the  softest  iron  always  retains  some  traces  of 
the  magnetic  forces  which  have  acted  upon  it.  There  are  other 
bodies  besides  iron  and  steel  which  are  susceptible  of  magnetic 
influence  in  a  marked  degree.  Such  are  nickel  and  cobalt,  but 
their  magnetic  power  is  very  small  compared  with  that  of  iron  and 
steel.  It  is  not  possible  to  magnetize  very  strongly  a  rod  of  iron 
by  means  of  the  loadstone.  Very  much  more  powerful  effects 
can  be  secured  by  the  action  of  an  electric  current,  which,  in- 
deed, is  universally  employed  in  practice  for  this  purpose. 
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Magnetic  Action  of  tiie  Electric  Current — In  1841  Oersted 
discovered  that  a  magnet  suspended  near  a  wire  in  which  was 
flowing  a  current  of  electricity  was  acted  upon  by  the  current 
in  such  a  way  as  to  cause  it  to  assume  a  certain  definite  position 
relatively  to  the  current. 

He  found  that  if  the  current  was  passed  along  a  straight 
wire  (Fig.  48),  and  the  magnet  was  near  this,  the  latter  tended 
to  place  itself  at  right  angles  to  the  current,  the  north  pole 
always  pointing  in  one  way  relatively  to  the  direction  of  the 
current.  The  rule  for  finding  the  direction  in  which  the  north 
pole  will  move  is  as  follows :  If  the  current  flows  from  S  to  iV, 
and  is  over  the  magnet,  the  north  pole  will  move  always  to  the 
west.     On  further  investigation  Oersted  found  that  the  angle 

through  which  the  needle  turned, 
L  supposing     it     originally    in    the 


s 

Fig.  48.  Fig.  49. 

magnetic  meridian,  was  dependent  upon  the  strength  of  the 
current,  and  upon  the  proximity  of  this  to  the  magnet.  The 
stronger  the  current,  and  the  smaller  the  distance  between  this 
and  the  magnet,  the  greater  the  angular  deflection. 

To  understand  this  action  of  an  electric  current,  which 
may  be  called  a  magnetic  action,  we  must  again  attempt  to  form 
a  mental  picture  of  the  state  of  things  in  the  medium  surround- 
ing the  wire.  We  have  already  seen  how  the  lines  of  force 
exist  around  electrified  bodies  and  around  magnets,  and  with 
some  slight  modifications  exactly  the  same  thing  is  true  for 
electric  currents,  or  rather  for  the  region  about  the  current. 

But  the  lines  of  force  around  a  long,  straight  wire  carrying 
a  current  are  circular  (Fig.  49);  they  are  continuous,  and  can- 
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not  be  said  to  end  nor  to  begin  at  any  point.  That  is  to  say,  at 
any  point  near  a  straight  wire  conveying  a  current  of  electricity 
the  Hnes  of  force  are  circles,  concentric  with  the  wire  itself  as 
axis,  the  circles  having  radii  which  continually  increase  without 
limit.  As  stated  before,  the  lines  of  force  surrounding  an  elec- 
tric current  represent  the  paths  which  a  magnetic  north  pole 
would  follow  if  it  could  move  under  the  influence  which  is 
exerted. 

The  direction  of  the  lines  is  taken  as  the  direction  in  which 
the  NORTH  pole  would  move,  the  south  pole  being  impelled  in 
the  opposite  direction.  Hence,  if  we  had  two  magnetic  poles, 
a  north  and  south  pole,  joined  by  some  elastic  material  which 
offered  almost  no  resistance  to  distortion,  the  magnet  thus 
formed  would  Avrap  itself  closely  around  the  magnet,  the  north 
pole  going  in  one  direction,  the  south  pole  in  the  opposite. 

From  the  relation  which  we  already  know  exists  between 
the  force  at  a  point  and  the  number  of  lines  of  force  at  the 
point,  it  is  evident  that  if  we  double  the  current  we  double  the 
number  of  lines  of  force  within  a  given  space;  and  it  is  also 
clear  that  we  may  double  the  current  either  by  doubling  the 
flow  of  electricity  through  a  single  wire,  or  by  placing  side  by 
side  two  wires,  each  of  which  conveys  the  original  current. 
Hence  it  follows  that  if  we  have  a  coil  of  wire  of  a  given 
number  of  turns,  we  can  produce  within  the  area  of  the  coil  a 
number  of  lines  of  force  many  times  as  great  as  for  a  single 
turn.  If  we  have  a  circular  wire,  the  lines  of  force  are  still 
circles  very  near  the  wire,  but  as  their  radii  become  larger  and 
larger  the  circular  form  is  departed  from,  and  near  the  centre  of 
the  coil  the  lines  of  force  become  very  much  flattened  out. 

Two  wires  side  by  side  conveying  currents  in  opposite 
directions  have  lines  of  force  around  them  very  much  like  those 
shown  in  Fig.  50.  =  If  the  currents  are  in  the  same  direction, 
the  lines  of  force  are  as  shown  in  Fig.  51.  Now,  according  to 
the  laws  of  the  action  of  currents  on  currents  discovered  by 
Ampere,  two   parallel  currents  in   the  same  direction  attract 
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Fig.  51. 
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each  other,  while  two  parallel  currents  in  opposite  directions 
repel  each  other.  We  can  include  these  two  laws  in  the  single 
statement,  originally  due  to  Faraday,  that  lines  of  force  tend 
always  to  shorten  themselves.  In  Fig.  50  we  see  that  the  effect 
of  this  tendency  is  to  drive  the  wires  farther  apart,  and  in  Fig.  51 
to  draw  them  more  closely  together,  which  is  in  accordance  with 
what  we  know  experimentally. 

In  fact,  these  figures,  50  and  51,  are  an  actual  representation 
of  the  state  of  things  about  two  wires  carrying  currents  in  the 
same  and  in  opposite  directions.  They  show  the  effect  which 
currents  have  on  iron  filings,  and  are  reproductions  of  the 
positions  assumed  by  particles  of  iron  in  the  electro-magnetic 
field. 


Fig.  52. 


Let  US  consider  a  little  more  in  detail  the  lines  of  force 
around  a  circular  current.  Their  directions  are  clearly  given 
in  Fig.  52,  and  we  cannot  but  observe  the  great  similarity 
between  their  general  form  and  those  due  to  a  small  magnet 
already  shown.  Indeed,  it  can  be  proved  mathematically  that 
a  circular  current  can  always,  for  points  not  very  close  to  it, 
be  replaced  by  a  very  small  magnet  suspended  at  its  centre.  We 
could,  therefore,  as  far  as  the  electrical  action  is  concerned,  replace 
the  suspended  magnet  used  in  many  electrical  instruments  by  a 
small  circular  current. 

The  magnetic  force  due  to  a  single  circular  current  is, 
however,  in  general,  quite  small,  and  to  increase  this  there  is 
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employed  the  arrangement  known  as  a  solenoid.  This  is  merely 
a  coiled  conductor  formed  by  winding  a  certain  length  of  copper 
wire  over  a  circular  cylinder.  Generally  the  adjacent  turns  of 
wire  are  much  closer  together  than  is  represented  in  Fig.  53, 
and  besides  it  is  customary,  where  intense  effects  are  desired,  to 


Fig.  53. 


use  many  layers  of  wire  instead  of  a  single  layer.  The  lines  of 
force  due  to  a  solenoid  are  almost  identical  with  those  issuing 
from  a  long,  thin  magnet,  for  when  the  magnet  is  very  long 
compared  with  its  diameter  the  poles  are  nearly  at  the  ends,  and 
hence  the  lines  of  force  do  not  issue  from  the  sides. 

In  Fig.  54  is  represented  approximately  the  direction  of  the 
lines  of  force  due  to  such  a  solenoid,  and  the  similarity  referred 
to  is  very  apparent. 

Clearly,  now,  if  we  should  place  an  iron  rod  within  the 
solenoid  these  lines  of  force  would  pass  through  the  iron  and 


Fig.  54. 

hence  magnetize  it.  Further,  on  account  of  the  greater  con- 
ductivity of  iron  for  lines  of  magnetic  force,  more  lines  will  pass 
through  the  solenoid  under  these  circumstances  than  if  the  iron 
were  not  present.  Hence,  by  inserting  the  iron  rod  we  make 
more  lines  of  force  in  the  space  around  the  solenoid ;  that  is,  we 
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created  a  more  intense  magnetic  field.  Again,  if  the  iron  is  very 
soft  its  conductivity  is  very  great,  and  the  magnetic  field  is 
stronger  than  it  would  have  been  if  we  had  employed  steel  or 
hard  iron,  but  we  shall  find  that  in  stopping  the  current  its  mag- 
netism will  almost  entirely  disappear.  If  we  had  used  steel 
there  would  have  been  developed,  on  the  contrary,  a  very  strong- 
permanent  effect.  This  is  the  method  which  is  employed  in  the 
making  of  artificial  magnets. 

It  is  found  that  if  we  have  a  large  number  of  turns  of  wire 
in  the  solenoid  and  send  a  heavy  current  through  it  we  can  mag- 
netize a  rod  of  steel  far  more  strongly  than  by  any  other  means, 
and  the  time  required  is  also  much  shortened ;  indeed,  a  momen- 
tary passage  of  the  current  is  all  that  is  required. 

From  what  has  been  said  regarding  the  magnetic  action  of 
the  electric  current  it  appears  that  the  intensity  of  the  magnetic 
force  within  a  solenoid,  through  which  electricity  is  flowing,  is 
measured  by  the  number  of  turns  of  wire  in  the  solenoid  and 
by  the  strength  of  the  current  which  the  coil  of  wire  carries. 
This  is  strictly  true  of  the  magnetic  force,  but  the  intensity  of 
magnetism  developed  thereby  does  not  follow  the  same  law.  As 
long  as  the  magnetizing  force  is  small  the  magnetism  produced 
in  the  iron  core  of  the  helix  or  solenoid  increases  in  a  regular 
manner  with  an  increase  in  the  current  and  number  of  turns  of 
wire.  But  after  a  certain  force,  as  thus  measured,  is  reached 
the  increase  in  magnetism  becomes  less  marked  and  tends  more 
and  more  toward  a  limiting  value. 

What  this  limiting  value  is  depends  upon  the  quality  of 
iron  or  steel  in  the  helix,  and  it  is  much  greater  for  soft  iron 
than  for  hard  iron  or  steel.  When  a  magnetic  body  has  been 
magnetized  so  strongly  that  a  great  increase  in  magnetic  force 
produces  only  a  slight  increase  in  its  magnetism,  the  body  is 
said  to  be  "saturated." 

Galvanometers. — We  have  learned  from  Oersted's  experi- 
ments that  a  current  of  electricity  in  a  wire  tends  in  general  to 
deflect  magnets  near  it  from  their  normal  position  to  one  at  right 
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angles  to  the  current,  and  the  greater  the  current  the  greater  the 
angular  deflection  produced.  We  could,  therefore,  construct  on 
this  principle  an  instrument  capable  of  measuring  the  relative 
intensity  of  different  currents.  Instruments  of  this  kind  are  now 
in  very  general  use,  and  are  called  galvanometers  (Fig.  55). 

In  its  most  general  form  a  galvanometer  is  simply  a  circu- 
lar coil  of  wire,  fixed  by  means  of  a  suitable  framework  in  an 
upright  position,  and  having  suspended  at  its  centre  a  magnet 


Fia.  55.— Galvanometer.    (Thomson.) 

which  can  rotate  about  a  vertical  axis.  The  magnet  itself  is 
generally  a  small  piece  of  steel  strongly  magnetized  and  pro- 
vided with  a  pointer  and  a  scale  so  that  its  position  may  be 
accurately  known.  A  small  magnet  must  be  used,  so  that  its 
poles,  in  all  positions  of  the  needle,  may  be  regarded  as  sensibly 
at  the  centre  of  the  coil,  for  reasons  to  be  afterward  explained, 
and  a  pointer  is  necessary  to  magnify  the  angular  rotation  of 
the  needle. 
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In  the  galvanometer  the  aim  is  to  so  arrange  the  wires  that 
the  greatest  effect  can  be  secured  at  a  given  point  with  the 
minimum  amount  of  wire,  and  to  secure  this  the  wires  are  al- 
ways arranged  in  the  form  of  a  circle.  Generally  there  are 
many  turns  of  wire  forming  the  coil  of  the  galvanometer,  so 
that  the  magnetic  force  may  be  great.  But  the  number  of  turns 
of  wire  as  well  as  the  size  of  conductor  employed  depend  upon 
the  currents  which  are  to  be  measured,  and  we  must  choose  our 
galvanometer  with  this  end  in  view.  Hence,  if  we  wish  to  meas- 
ure heavy  currents  we  must  employ  a  galvanometer  with  large 
wires ;  first,  because  its  resistance  being  generally  low  it  does  not 
materially  affect  the  current  strength  when  inserted  in  the  cir- 
cuit; and,  secondly,  because  it  will  not  be  subjected  to  an  undue 
heating  by  the  current.  If  we  are  going  to  measure  very  small 
currents  we  must  have  a  very  sensitive  galvanometer,  and  ex- 
ceedingly sensitive  galvanometers  must  necessarily  have  high 
resistances,  because  their  coils  must  be  composed  of  fine  wire,  so 
that  we  may  have  many  turns  of  conductor  very  close  to  the 
suspended  needle. 

There  was  at  one  time  a  general  belief,  still  held  in  some 
cases,  that  galvanometers  of  certain  kinds  were  suitable  for 
measuring  currents  of  large  "volume  "or  "great  quantity,"  and 
that  other  galvanometers  measured  the  "intensity"  of  the  cur- 
rents passing  through  them  but  not  their  "volume."  This,  of 
course,  means  nothing.  Current,  according  to  definition,  is  the 
rate  of  flow  of  electricity ;  that  is,  it  is  the  quantity  of  electricity 
flowing  per  unit  of  time ;  it  may  be  a  large  current  or  a  small 
current,  but  it  can  never  be  a  quantity  current.  All  galvanome- 
ters measure  the  relative  intensity  of  different  currents,  and  if 
the  instrument  has  been  calibrated  so  that  every  reading  means 
a  perfectly  definite  current  we  can  calculate  from  a  given  deflec- 
tion the  QUANTITY  of  electricity  passing  through  it. 

In  every  form  of  galvanometer  the  indications  of  the  needle 
depend  upon  the  establishment  of  equilibrium  between  the  mag- 
netic force  exerted  by  the  current  in  the  coil  and  a  force  in  a 
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direction  at  light  angles  to  this,  whether  produced  by  the  earth's 
magnetism,  by  magnets  placed  near  the  instrument,  or  by 
springs,  etc. 

The  magnetic  force  exerted  by  a  coil  of  wire  on  a  needle 
placed  at  its  centre  is  of  the  nature  of  what  is  known  in 
mechanics  as  a  couple ;  that  is,  the  forces  at  the  two  ends  of  the 
needle  are  equal  and  opposite.  Hence,  the  forces  tend  to  make 
the  needle  rotate  about  its  axis,  but  not  to  move  it  as  a  whole. 
The  needle,  therefore,  when  the  current  is  passing,  is  deflected 
from  its  position  at  rest,  and  continues  to  move  until  the  force 

.B 


of  the  coil  is  balanced  by  the  other  forces  acting,  such  as  the 
earth's  magnetic  force.  Thus,  if  the  needle  occupied  normally 
the  position  represented  by  the  dotted  line  A  B,  Fig.  56,  and 
the  lines  of  force  due  to  the  coil  were  shown  in  direction  by  the 
lines  L  X,  etc.  (which  are  approximately  parallel  for  a  very  large 
coil  and  a  very  small  needle),  then  the  needle  would  rotate  into 
the  position  A  B  or  JL"  B",  depending  upon  the  relative 
strengths  of  field  due  to  the  coil,  and  due  to  the  earth. 

In  the  lower  figure  is  seen  how  the  magnetic  force  of  the 
coil  shown  by  the  lines  L  L  acts  on  the  needle.  The  north  pole 
is  attracted  to  the  right  by  the  force  N'  =  iV  6,  the  south  pole  to 
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the  left  by  the  force  S'  =  S  h\  equal  but  opposite  to  N '.  These 
forces,  by  the  well-known  laws  of  resolution  applicable  to 
such  cases,  have  each  a  component  along  the  lengtli  of  the 
needle  N  a  and  S  a',  which,  being  equal  and  opposite,  neutral- 
ize each  other ;  and  each  a  component  at  right  angles  to  the 
needle  N  c  and  S  c',  which  are  also  opposite,  but,  being  parallel, 
tend  to  make  the  needle  rotate,  as  shown. 

The  forces  due  to  the  earth's  magnetism,  or  whatever  may 
be  used  to  direct  the  needle,  are  perpendicular  to  these,  and 
hence  the  needle  will  rotate  until  equilibrium  between  the  two 
sets  of  forces  is  established,  and  will  then  more  or  less  quickly 
come  to  rest. 

When  in  use,  the  galvanometer  is  so  placed  relatively  to 
the  magnetic  meridian  that  its  own  lines  of  force  and  those  of 
the  earth  are  at  right  angles  to  each  other.  This  happens  when 
the  plane  of  the  coil  is  directly  in  the  magnetic  meridian.  It 
must  be  remembered  that  when  we  speak  of  the  lines  of  force 
due  to  a  circular  current  as  being  parallel  to  any  given  direction, 
we  mean  the  lines  of  force  at  the  centre  of  the  coil,  for  a  very 
short  distance  on  either  side  of  the  coil's  plane.  The  lines  of 
force  are  all  really  curved,  but  for  a  very  small  part  of  their 
length,  at  the  coil's  centre,  they  may  be  regarded  as  straight, 
and,  if  the  coil  is  large,  as  parallel.     (Compare  Fig.  52.) 

When  the  coils  of  the  galvanometer  are  placed  in  this  way, 
— i.e.,  parallel  to  the  magnetic  meridian, — it  may  be  shown  that 
the  current  is  proportional  to  the  tangent  of  the  angular  deflec- 
tion of  the  needle ;  and  when  so  used  the  instrument  is  called  a 
tangent  galvanometer. 

There  is,  however,  another  way  in  wliicli  the  galvanometer 
may  be  employed :  we  may  move  the  coils  around  a  vertical 
axis  until  the  needle  which  was  deflected  by  the  current  in  the 
coils  is  again  in  the  plane  of  the  latter ;  that  is,  the  current  is 
first  allowed  to  flow  and  deflect  the  needle ;  tlicn,  when  the 
needle  has  come  to  rest,  the  coils  are  turned  around  until  the 
needle  again  points  to  zero.     Under  these  circumstances  the 
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current  will  be  proportional  to  the  sine  of  the  angle  of  deflection. 
Sine  galvanometers,  since  they  require  a  considerable  time  for 
adjusting,  can  only  be  used  when  the  current  is  steady. 

In  many  galvanometers  there  is  adopted  what 
is  known  as  the  "astatic"  arrangement  of  the 
needles.  This  means  simply  that  two  equal  mag- 
nets are  so  placed  with  regard  to  each  other  that 
the  system  is  not  acted  upon  by  a  magnetic  field 
influencing  both  equally.  It  is  necessary  to  have 
two  equal  magnets,  and  to  place  them  with  their 
poles  in  opposite  directions,  the  two  magnets  being 
rigidly  connected.  Such  a  system  of  magnets 
(Fig.  57)  suspended  anywhere  in  a  uniform  mag- 
netic field,  i.e.,  a  field  which  is  of  the  same  intensity  through- 
out, will  assume  one  position  as  well  as  another ;  that  is,  it  will 
be  in  equilibrium  in  whatever  direction  it  may  point. 

To  apply  this  to  a  galvanometer,  one  of  the  magnets  is 
placed  inside  the  coil  of  wire  through  which  the  current  to  be 


Fig.  57. 
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Fig.  58. 


Astatic  Galvanometer.        Fig.  59. 


measured  passes,  and  the  other  is  either  entirely  outside  the 
coil  (Fig.  58)  or  placed  within  another  coil  wound  in  the 
opposite  direction  to  the  first.  In  the  latter  case  the  magnetic 
efi"ect  of  the  current  is  doubled,  and  the  magnetic  force  of  the 
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earth,  since  it  acts  equally  and  in  opposite  directions  on  the  two 
magnets,  has  no  effect  on  the  system.  Galvanometers  of  this 
kind  can  be  constructed  with  a  sensibility  so  great  that  they  will 
give  a  large  deflection  when  there  is  passed  through  them  a  cur- 
rent from  a  single  Daniell  cell  in  series  with  a  resistance  of  sev- 
eral milHon  ohms. 

In  order  to  change  the  deflection  of  the  galvanometer  needle 
due  to  a  given  current  we  have,  in  general,  to  neutralize  or 
increase  the  strength  of  the  external  magnetic  field,  as  well  as 
change  its  direction.  This  is  usually  accomplished  by  placing 
near  the  needle  a  permanent  magnet,  which  controls  its  move- 
ments, and  is,  therefore,  called  a  directing  magnet.  In  this  way 
we  may  vary  the  angular  deflection  produced  by  a  given  current 
as  much  as  we  please  ;  that  is,  we  can  increase  the  sensibility 
of  the  galvanometer  or  diminish  it  within  very  wide  limits. 

tShunts. — There  is  still  another  method  of  varying  the  sensi- 
bility of  a  galvanometer,  which  consists  in  the  employment  of 
the  arrangement  known  as  a  "shunt."  This  is  simply  a  coil  of 
wire  of  a  definite  resistance  joined  in  parallel  with  the  galva- 
nometer coils  (Fig.  59).  In  the  figure  G  is  the  galvanometer,  to 
the  two  terminals  of  which  {A  and  B)  are  fastened  the  ends  of 
the  resistance  or  shunt  (i^),  the  current  flowing  as  indicated  by 
the  arrows.  The  shunt,  being  in  multiple  arc  with  galvanometer, 
has  the  eflect  of  diverting  a  part  of  the  current  from  the  latter, 
the  proportion  of  this  to  the  whole  current  being  known  when 
the  resistances  of  the  shunt  and  galvanometer  coils  are  given. 

According  to  the  statement  made  on  page  37  about  circuits 
joined  in  parallel,  it  is  evident  that  we  can  make  any  desired 
proportion  of  the  total  current  pass  through  the  galvanometer  by 
changing  the  resistance  of  the  shunt. 

Thus,  if  the  resistance  of  the  galvanometer  is  Eg  and  that 
of  the  shunt  Rg  and  the  difference  of  potential  at  the  galva- 
nometer terminals  is  E,  then  we  have  for  the  total  current 


E    ,    E           ( 1    ,    1\ 
C=  —  +  —  =  E[ h  — ) 
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which  may  also  be  written 


•pi 

hence,  the  current  through  the  galvanometer  being  —  is  that 
part  of  the  total  current  which  is  represented  by  the  fraction. 


i^s  +  R, 
This  fraction  is  called  the  multiplyhig  power  of  the  shunt. 
It  is  evident,  therefore,  that  by  making  R^  very  small  we  can 
cause  only  a  small  part  of  the  current  to  flow  through  the  gal- 
vanometer, and  by  making  it  large  we  can  secure  the  opposite 
result,  thus  varying  the  sensibility  of  the  instrument  as  much  as 
we  please.  In  general,  the  resistance  of  the  shunt  is  so  chosen 
that  the  current  through  the  galvanometer  becomes  either  J-q, 
yIq^,  or  y-oVo^  of  the  total  current,  thus  changing  the  sensibility  a 
thousandfold.  For  example,  if  the  galvanometer  has  a  resist- 
ance of  100  ohms,*  and  we  desire  to  reduce  its  deflection  for  a 
given  current  (7,  10  times,  we  should  join  to  its  terminals  a 
shunt  of  a  resistance  equal  to  11^  ohms,  since  then  the  fraction 

Rs 

Rs+Rg 

would  be  one-tenth,  namely, 

1  R. 


or, 


10       R^  -{-  100 

10  E,  =  R^-^  100 
9  i?,  =  100 

Rs  =  n^ 
and  so  on  for  any  other  reduction. 

Shunts  are  of  great  value  in  the  general  use  of  galvanom- 
eters, and  nearly  all  instruments  for  the  measurement  of  cur- 
rent (and  of  potential)  are  provided  with  shunts  as  they  are 
sent  out  by  their  manufacturers. 

*  The  "ohm"  is  the  practical  unit  of  resistance  now  universally  adopted. 
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Those  galvanometers  which  have  heretofore  been  mentioned 
are  intended  almost  exclusively  for  laboratory  purposes  and  are 
not  suited  to  be  moved  about.  Portable  galvanometers  are  of  a 
more  compact  form,  and  the  means  adopted  to  keep  the  needle 
at  its  zero  position  are  usually  different.  In  such  cases  either 
a  very  powerful  directing  magnet  is  used,  so  that  under  its 
influence  the  needle  is  scarcely  at  all  affected  by  the  earth's 
magnetism,  or  else  the  needle  is  supported  by  springs  which 
resist  its  tendency  to  rotation  caused  by  the  current  in  the  coil 
of  the  galvanometer.  Such  instruments  are,  of  course,  very 
liable  to  derangement ;  that  is,  the  deflection  of  the  magnet  due 
to  a  given  current  gradually  changes,  because  the  directing 
magnet  loses  gradually  its  magnetism.  This  cannot  be  entirely 
avoided,  but  by  calibrating  the  apparatus  frequently  it  is  possi- 
ble to  secure  sufficient  accuracy  for  all  practical  purposes. 

It  is  very  important  to  remember  that,  as  long  as  the  con- 
ditions remain  the  same,  currents  of  equal  value  give  identical 
deflections  on  the  same  galvanometer.  For,  although  the  cur- 
rents may  be  flowing  through  circuits  whose  resistances  are  far 
from  being  alike,  it  is,  after  all,  the  final  current  which  we  are 
measuring,  and,  as  equal  currents  produce  equal  magnetic 
fields  in  the  galvanometer  coils,  the  needle  must  always  rotate 
the  same  amount  for  the  same  current.  Even  if  the  galva- 
nometer needle  should  become  weaker  the  statement  still  holds 
true,  for,  although  it  is  not  as  strongly  acted  upon  by  the  gal- 
vanometer current  when  its  magnetism  is  diminished,  its  motion 
is  also  not  as  strongly  resisted  by  the  earth's  magnetism,  and  a 
balance  between  the  two  forces  occurs  therefore  independently 
of  the  strength  of  the  magnet,  i.e.,  the  needle,  itself  Of  course 
this  is  true  only  when  external  conditions  are  the  same ;  that  is, 
when  the  magnetic  field  produced  by  the  earth  or  by  a  directing 
magnet,  or  the  resistance  of  the  spring  remains  the  same;  and 
this  we  can  never  be  sure  of  Indeed,  for  very  accurate  work 
we  cannot  assume  the  conditions  unchanged  even  from  day 
to  day. 
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Suppose  we  have  an  ordinary  Daniell  cell  joined  in  circuit 
with  a  galvanometer  whose  resistance,  together  with  that  of  the 
connecting  wires,  is  one  "ohm."  Since  the  resistance  of  the 
cell  itself  is  four  ohms,  approximately,  the  current  will  be 
— ^  =  i  of  the  unit  of  current.  Instead  of  speaking  of  units  of 
current,  etc.,  let  us  call  the  unit  resistance  one  ohm,  the  unit  cur- 
rent one  ampere,  and  the  unit  electro-motive  force  one  volt.  Then 
the  above  current  will  be  ^  ampere.  Suppose,  now,  we  had  fifty 
cells  of  this  kind  joined  in  series,  the  current  in  this  case  would 
be 


50 


2  0  0   + 


— ;  that  is,  50  volts  divided  by  200  ohms  (=  50  X 


hiG  OU  — J    1  B\KRETi  Company 
Mil  am  meter 


4  +  1),  equal  to  j  of  an  ampere,  nearly;    hence  the  galva- 
nometer deflection  would  not  be  very  difl"erent  in  the  two  cases, 

although  we  have  mcreased  the 
electro-motive  force  fifty  times. 
The  reason  is  that,  notwith- 
standing the  large  increase  in 
electro-motive  force,  we  have 
increased  the  total  resistance  of 
the  circuit  nearly  in  the  same 
proportion,  since  the  cells  make 
up  almost  the  entire  resistance 
themselves. 

But,  suppose  the  galva- 
nometer had  a  resistance  of  10,000  ohms,  then  one  cell  would 
give  a  current  of  only  y oioT  ampere,  while  fifty  cells  would 
give  a  current  o^  jqW-q,  that  is,  almost  fifty  times  as  great.  In 
this  case  the  current  would  be  increased  approximately  in  pro- 
portion to  the  number  of  cells,  for  now  the  cells  compose  a 
small  part  of  the  total  resistance. 

Galvanometers  which  are  direct-reading  are  generally 
called  ampere,  or  mill-ampere,  meters,  or  more  simply  ammeters, 
the  name  being  taken  from  the  practical  unit  of  current  called 
the  ampere.     (See  page  119.) 

Potent/a/  Galvanometers,  or  Voltmeters. — Galvanometers  are 
used  not  only  to  measure  currents,  but  are  also  employed  to 
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measure  differences  of  potential.  The  principal  of  construction 
is,  however,  the  same,  since  the  difference  of  potential  is  indi- 
cated by  the  current  passing  through  the  galvanometer,  and 
about  the  measurement  of  this  v^^e  have  already  learned. 

In  the  use  of  the  instrument  for  this  purpose  the  two  termi- 
nals are  joined  to  the  points  whose  potential  we  desire  to 
measure,  and  the  galvanometer  coils  are  therefore  in  multiple 
arc  with  the  conductor,  along  which  there  exists  the  difference 
of  potential  referred  to.  Thus,  in  Fig.  61,  A  B  is  the  con- 
ductor through  which  is  flowing  the  current,  and  along  which 
at  the  points  D^^  D2  are  the  potentials  T^^  T^  respectively.  The 
galvanometer  wires  are  joined  to  the 
points  Di^  Z>2,  G  being  the  potential  gal- 
vanometer. If  Rq  is  the  resistance  of  the 
conductor  between  the  points  Di  and  Dg, 
and  Rq  the  resistance  of  the  galvanometer, 
we  know  from  page  71  that  the  currents 
through  them  will  be,  respectively. 


Br 


and 


V^ 


v„ 


R. 


'■C  ^^G 

and  the  whole  current  will  be  the  sum 


of  these,  or 


F. 


'^   \R.^  RJ 


Fig.  61. 


By  inserting  in  parallel  arc  the  galvanometer  between  the 
points  Vi  and  T^  we  have  diminished  the  total  resistance  be- 
tween these  points,  since  the  current  has  two  paths  in  which  it 
can  flow.  If  the  galvanometer  is  not  joined,  the  whole  current, 
instead  of  dividing  itself  between  Rq  and  Rq  will  remain  in  the 
wire  Rq.  Hence,  the  difference  of  potential  is  less  when  the 
galvanometer  is  joined  to  the  points  than  it  was  before. 
When  the  galvanometer  is  out  of  circuit  the  current  in  the 
main  wire  A  B  i^ 

V    V 

Rrt 
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When  the  galvanometer  is  in  circuit  it  is 

V,  -V, 


as  before  given,  where 


r        B.       Br, 


Now.  in  the  first  case  we  have 


in  the  second  case, 


V^-V^  =  Gr 


but  r  is  less  than  Rq  and  hence  the  difference  of  potential  is 
less  in  the  second  case  than  in  the  first.  But  we  desire  to  know 
the  difference  of  potential  exactly  under  these  circumstances, 
hence  we  must  see  that  the  introduction  of  the  galvanometer 
causes  the  smallest  possible  error. 

From  the  above  equation  we  see  that  T^  —  T^  will  be 
more  and  more  nearly  the  same  in  the  two  cases,  the  more 
nearly  equal  are  Rq  and  r ;  that  is  to  say,  the  larger  we  make 
Rq.  If  the  latter  is  exceedingly  large,  then  -^  is  exceedingly 
small,  so  that  we  can  finally  neglect  it,  and  instead  of  writing 

r       Bf,        Bq 
we  can  write,  approximately, 

r~  Ba 

which  is  the  required  condition.  Hence,  in  order  to  use  a  gal- 
vanometer to  measure  differences  of  potential,  it  is  very  neces- 
sary that  its  resistance  be  high.  We  must,  in  other  words,  make 
its  resistance  so  high  that  the  current  which  may  flow  through 
it  will  not  materially  disturb  the  difference  of  potential  existing 
at  the  points  to  which  it  is  to  be  joined. 
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Method  of  Reading  Galvanometer  Deflections.* — "  The  read- 
ing of  galvanometer  deflections  requires  considerable  method  in 
order  that  accurate  results  may  be  obtained  in  making  measure- 
ments. Let  A  and  B  (Figs.  62,  63,  64,  65)  be  two  contiguous 
division  marks  on  the  galvanometer  scale.  Now,  by  observa- 
tion we  can  always  determine  without  difficulty  whether  the 
pointer  lies  exactly  over  A  or  over  B^  or  whether  it  lies  exactly 
midway  between  the  two;  and  further,  if  it  does  not  occupy 
either  of  these  exact  positions,  we  can  judge  without  difficulty 
whether  it  lies  nearest  to  A  or  to  B.  This  is  equivalent  to  saying 
that  we  can  be  certain  of  the  magnitude  of  the  deflection  within 
a  quarter  of  a  degree.  Thus,  supposing  the  pointer  stood  be- 
tween A  and  B,  but  nearer  to  A  than  to  B,  then  we  should  call 
the  deflection  A\^  and,  supposing  the  deflection  was  actually  very 


Deflection  =  i^  A 
Fig.  63. 


Deflection  =  3^  A 
Fig.  64. 


Deflection  =%A. 
Fig.  65. 


nearly  equal  to  A^  then  A\  would  be  a  quarter  of  a  division,  or  a 
degree  too  much;  if,  on  the  other  hand,  the  deflection  was  very 
nearly  equal  to  A\^  then  A\  would  be  a  quarter  of  a  division,  or 
a  degree  too  little.  In  one  case  the  error  would  be  a  plus  one, 
and  in  the  other  a  minus  one,  but  in  either  case  its  maximum 
value  would  be  \  only.  We  have,  in  fact,  the  rule  that,  if  A 
be  the  smaller  of  the  contiguous  deflections  A  and  B^  then  when 
the  pointer  is  exactly  over  A  the  deflection  should  be  called 
'J.;'  if  nearer  to  A  than  to  5,  it  should  be  called  '  Jl^;'  if  ex- 
actly midway  between  A  and  5,  it  should  be  called  '-4^;'  and 
lastly,  if  the  pointer  is  nearer  to  B  than  to  A,  then  the  deflection 
should  be  called  '  J-|;'  thus,  for  example,  if  ^  and  A  (Figs.  62, 
63,  64,  65)  were  the  57°  and  58°  division  marks  respectively 


»  Hand-book  Electrical  Testing,  Kempe,  p.  41. 
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on  the  scale,  then,  m  case  1  the  deflection  would  be  taken  as 
57°,  m  case  2  the  deflection  would  be  taken  as  57J°,  and  again, 
in  cases  3  and  4,  the  deflections  would  be  taken  as  57 J °  and 
57f  °  respectively." 

By  keeping  to  these  instructions,  then,  we  can  be  certain 
of  the  magnitude  of  a  deflection  within  :^  of  a  division  or 
degree. 

Dynamometers. — According  to  Ampere's  laws  of  the  mutual 
action  of  currents  (page  63),  we  know  that  currents  which  are 
parallel  and  in  the  same  direction  attract  each  other,  and  we  can 


Fig.  66.— Dynamometer. 


prove  that  this  attraction  is  greater  the  greater  the  currents  and 
the  closer  together  the  conductors  carrying  them.  This  is,  then, 
another  phenomenon  which  we  could  make  use  of  for  the  meas- 
urement of  currents.  Instruments  constructed  on  this  principle, 
i.e.,  depending  for  their  action  on  the  mutual  force  existing  be- 
tween wires  conveying  electric  currents,  are  called  dynamometers 
(Fig.  QQ).  Such  instruments  possess  this  important  advantage 
over  galvanometers :  they  are  not  subject  to  the  errors  resulting 
from  the  variable  magnetization  of  directing  magnets,  etc.,  and 
the  changes  in  the  earth's  field. 
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Dynamometers  consist  essentially  of  two  coils  of  wire, 
placed  at  right  angles  to  each  other,  one  of  which  is  movable  and 
one  fixed  (Figs.  67,  68,  and  69).  The  movable  coil,  A,  is  gen- 
erally quite  small  compared  with  the  fixed  coil,  B,  and  is  sus- 
pended within  this  by  means  of  two  very  thin  and  parallel  wires, 
W,  forming  what  is  called  a  hifilar  suspension.  These  wires, 
through  which  the  current  is  led  to  the  suspended  coil,  must  be 
thin  and  offer  but  little  resistance  to  torsion.  When  heavier  cur- 
rents are  to  be  measured,  the  ends  of  the  suspended  coil  are 
carried  to  a  pair  of  mercury  cups,  G  (7  (Fig.  69),  placed  beneath, 
and  the  circuit  is  completed  through  these.  In  this  case  the 
wires,  J.,  or,  better,  silk  fibres,  making  the  sus- 
pension, have  nothing  to  do  with  the  current. 


•MA 


B 

Fig.  67. 


xrrff-S. 


Fig. 


When  the  current  is  passed  through  both  coils  their  mutual 
electro-magnetic  action  tends  to  make  them  become  parallel,  the 
rotational  effort  being  greater  the  greater  the  current.  The 
angular  movement  thereby  resulting  is  resisted  by  the  bifilar 
suspension  itself,  which  tends  to  keep  the  coils  perpendicular  to 
each  other.  Hence,  during  the  passage  of  the  current  the 
movable  coil  will  swing  around  until  a  balance  between  the  two 
forces  is  effected,  and  from  the  deflection  we  can,  knowing  the 
number  of  turns  of  wire  on  the  two  coils,  their  mean  radius, 
etc.,  calculate  at  once  the  current. 

The  wires  or  silk  threads  of  the  suspended  coil  are  attached 
to  a  graduated  circle,  which  can  be  moved  about  a  vertical  axis, 
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and  which  serves  to  adjust  the  coil  to  any  desired  position.  In 
the  use  of  the  instrument  it  is  customary  to  move  the  circle,  G 
(Fig.  70),  to  which  are  attached  the  threads  (the  current  being 
supposed  to  flow),  until  the  deflected  coil  is  brought  back  to  its 
zero  position ;  that  is,  until  it  is  again  perpendicular  to  the  fixed 
coil  surrounding  it  (not  shown  in  Fig.  70).  This,  as  in  the  em- 
ployment of  the  sine  galvanometer,  cannot  be  done  unless  the 
currents  are  so  steady  that  they  do  not  change  while  the  adjust- 
ment is  being  made.  We  can,  however,  provide  the  suspended 
coil  with  a  divided  circle  and  index,  and  thus  determine  at  once 
the  angular  deflection  due  to  the  current  which  is  passing,  and 
this  method  is  also  frequently  adopted,  especially 
when  it  becomes  necessary  to  make  rapid  meas- 
urements.* 

The  electro-dynamometer  has  a  wider  range 
of  usefulness  than  any  galvanometer,  however 
made,  because  it  can  be  applied  to  the  measure- 
ment of  alternating  currents,  ^.e.,  alternating  cur- 
rents with  many  alternations  per  second.  Gal- 
vanometers are  entirely  unsuited  for  this  very 
important  kind  of  work,  the  reason  being  that, 
as  the  currents  are  alternately  plus  and  minus, 
— that  is,  first  in  one  direction  and  then  in  the  opposite, — the 
needle  is  rapidly  impelled  first  to  one  side  and  then  to  the  other, 
with  the  final  result  that  it  remains  at  rest.  If  the  period  of 
the  current  is  large  compared  with  the  time  of  vibration  of  the 


Fig.  70. 


*  The  formula  for  the  Weber  electro-dynamometer,  in  which  there  are  two  fixed  coils  and 
one  or  two— in  the  latter  case  i-igidly  connected— suspended  coils,  is 


UGgT' 


or, 


2  T\ 


A  sin  i> 


Gg 


In  this,  Ois  the  current  to  he  measured,  Tis  the  time  of  vibration  of  the  suspended  coil,  A 
its  moment  of  inertia  as  suspended,  i>  the  angular  deflection  of  the  coil,  and  G  and  g  constants 
of  the  two  sets  of  coils  (best  determined  by  careful  measurement).  As  the  instrument  is  sent 
out  by  the  manufacturer,  we  have  only  to  multiply  the  square  root  of  the  angle  (3^  by  a  constant, 
determined  beforehand,  in  order  to  find  the  current. 
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needle,  the  latter  will  swing  backward  and  forward,  but  will  not 
take  up  any  definite  position.  In  the  latter  case  the  galva- 
nometer needle  would  follow  the  current  and  swing  from  side  to 
side,  but  would,  of  course,  give  no  permanent  deflection. 

In  the  dynamometer  the  change  of  direction  of  the  current 
has  no  effect,  because  it  is  changed  in  both  coils  at  the  same 
time.  Hence,  if,  when  the  current  is  flowing  in  one  direction, 
the  suspended  coil  is  driven  to  the  right,  say ;  then,  when  the 
current  is  reversed,  the  deflection  will  still  be  in  the  same  direc- 
tion, because  the  lines  of  force  due  to  both  coils  have  been  re- 
versed. 

The  phenomenon  is  exactly  the  same  as  would  occur  if  we 
could  reverse  the  magnetism  of  the  needle  of  a  galvanometer 
every  time  the  current  changed  its 
direction.  Thus,  in  Fig.  71,  sup- 
pose, with  the  current  in  the  direc- 
tion indicated,  the  north  pole  of 
the  needle  turns  to  the  right.  Now 
(Fig.  72),  suppose  when  the  cur- 
rent changes  its  direction  we  re- 
verse the  poles  of  the  magnet, 
maldng  the  right-hand  side  a 
south  pole  and  the  left-hand  side 
a  north  pole.  The  lines  of  force  are  in  the  opposite  direction, 
as  shown,  and  the  north  pole  will  follow  them  ;  but,  the  needle's 
magnetism  having  been  also  reversed,  it  is  already  in  the  direction 
of  the  lines  of  force,  and  hence  does  not  move. 

Now,  in  a  dynamometer,  instead  of  a  magnetic  needle  to  be 
acted  upon,  we  have  a  coil  of  wire,  and  the  direction  of  the  lines 
of  force  of  this  coil  are  really  changed  every  time  the  direction 
of  the  current  is  changed.  Hence,  since  the  current  changes  its 
direction  simultaneously  in  both  coils,  we  have  the  same  effect 
as  if  the  current  remained  perfectly  constant. 

But  it  must  be  remembered  that  we  have  all  along  supposed 
that  the  time  required  for  the  current  to  change  from  a  positive 


Fig.  71. 


Fig.  72. 
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to  a  negative  value  was  very  small  compared  with  the  time  of 
vibration  of  the  suspended  coil  of  the  dynamometer.  If  they 
are  nearly  equal  the  coil  Avill  swing  around  every  time  the  cur- 
rent changes  from  plus  to  minus,  and  will  therefore  be  rendered 
utterly  useless  for  measurements. 

However,  this  seldom  occurs  in  practice,  since  the  period 
of  most  alternating  currents  is  a  very  small  fraction  of  a 
second. 

According  to  Ampere's  laws,  the  mutual  action  between 
two  currents  is  proportional  to  the  strength  of  the  currents 
multiplied  together.  Hence,  we  may  express  the  action  of  the 
dynamometer  by  saying  that  its  deflections  are  proportional  to 
the  products,  or  squares  of  currents,  and 
therefore  it  is  immaterial  whether  the  currents 
are  both  plus  or  minus  (since  the  product 
of  two  negative  quantities  gives  a  positive 
result),  provided  they  are  both  plus  or  minus 
at  the  same  time. 

Again,  we  have  found  that  the  energy  of 
a  current  is  measured  by  the  square  of  its  in- 
tensity. Consequently,  since  the  dynamometer 
in  reality  measures  the  square  of  the  current 
its  indications  are  proportional  to  the  energy 
of  the  current  passing  through  it.  In  order 
to  determine  the  current  itself  it  is  necessary  to  take  the 
square  root  of  the  angular  deflection  (or  its  sine)  of  the  sus- 
pended coil. 

Induction  of  Electric  Currents. — Consider  the  case  of  a  closed* 
metallic  circuit  (Fig.  73),  including  a  galvanometer,  and  a  magnet 
near  it.  Suppose,  now,  that  the  magnet  is  suddenly  pulled  away 
from  the  wire  to  a  distance,  and,  after  a  few  minutes,  as  suddenly 
brought  back  to  its  first  position.     We  shall  observe  that  the 


Fig.  73. 


*  It  is  usual  to  refer  to  a  complete  circuit — that  is,  a  circuit  which  is  continuous  throughout 
— as  a  "■cloned"  circuit,  and  a  circuit  which  is  interrupted  at  any  point  as  an  "  open"  or,  some 
times,  a  broken  circuit. 
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galvanometer  needle  will  swing  to  one  side  when  the  magnet  is 
being  withdrawn,  and  then  swing  throngh  the  same  angle  on  the 
other  side  when  the  magnet  is  being  carried  near  to  the  coil. 
This  effect  is  not  due  to  any  direct  action  of  the  large  magnet 
on  the  galvanometer  needle,  for  the  same  thing  happens  when 
the  galvanometer  is  so  far  away  that  it  cannot  be  so  influenced  ; 
and  the  phenomenon  does  not  take  place  if  the  metallic  circuit 
is  broken  at  any  point.  Hence,  by  the  movement  of  a  magnet 
near  a  conductor  we  can  produce  a  current  in  the  conductor, 
and  a  current  so  produced  is  called  a  current  of  induction,  or  an 
induced  current. 

If,  instead  of  removing  the  magnet  to  a  distance,  we  had  ro- 
tated it  or  changed  its  position  in  any  way,  supposing  it  to  be  near 
the  wire  A  B  (Fig.  74),  similar  though  a 
probably  less-marked  effects  would  have 
been  noticed.  Further,  if  instead  of  a  mag- 
net we  had  employed  another  circuit,  C  D 
(Fig.  74),  through  which  a  current  was  flow- 
ing {M  being  a  battery),  we  would  have 
produced  a  current  in  the  circuit  A  B  every 
time  the  circuits  changed  their  relative 
positions,  as  well  as  every  time  the  intensity 
of  the  current  m.  C  D  was  chans^ed.     With 

^  Fig.  74. 

the  latter  arrangement  we  would  make  the 
galvanometer  needle   swing   through  the  same  angle,  whether 
we  removed  instantaneously  the  circuit  C  D  sl  great  distance  or 
broke  the  circuit  completely,  so  that  the  current  flowing  through 
it  would  be  suddenly  stopped. 

Now,  we  know  that  the  circle  of  wire  near  the  magnet  sur- 
rounds, in  a  given  position,  a  certain  number  of  lines  of  force 
due  to  the  magnet.  Again,  if  the  circuits  A  B  and  C  D  are 
parallel  and  close  together,  the  former  has  passing  through  it  a 
large  number  of  the  lines  of  magnetic  force  resulting  from  the 
current  in  C  D.  By  changing  the  relative  positions  of  the 
magnet  and  the  circuit  A  B,  or  of  the  two  circuits  A  B  and 
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C  i>,  we  alter  the  number  of  lines  of  force  passing  through  the 
circuit  A  B  ;  that  is,  we  alter  the  "  induction,"  as  it  is  called, 
through  it. 

These  phenomena,  and  many  others  of  a  similar  kind,  can 
be  included  under  the  one  general  law, — when  the  induction 
through  a  metalhc  circuit  is  changed  it  becomes  the  seat  of  an 
electro-motive  force,  the  magnitude  of  which  is  proportional  to 
the  rate  of  change  of  induction.  Instead  of  saying  rate  of 
change  of  induction,  it  is  sometimes  convenient  to  speak  of  rate 
of  cutting  lines  of  magnetic  force,  the  latter  statement  expressing 
the  idea  in  a  more  popular  but  less  accurate  way.  Hence,  when 
a  conductor  cuts  across  lines  of  magnetic  force  (and  this  may 
happen  either  when  the  conductor  itself  moves  or  the  luies  of 
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Fig.  75. 


Fig.  76. 


force  move),  there  is  an  electro-motive  force  set  up  in  the  con- 
ductor which  will  give  rise  to  an  electric  current  if  the  circuit  is 
complete  so  that  a  current  can  flow.  The  direction  of  the 
electro-motive  force  depends  both  upon  the  direction  of  the  lines 
of  force  and  the  direction  of  movement  of  the  conductor.  If,  for 
instance,  the  conductor  A  B,  Fig.  75  {L  L,  etc.,  being  lines  of 
magnetic  force),  moving  downward,  i.e.,  perpendicularly  to 
plane  of  paper,  has  set  up  in  it  an  electro-motive  force,  as  indi- 
cated by  the  arrow  from  A  to  B,  then  on  moving  it  upward  the 
electro-motive  force  would  act  in  the  direction  from  B  to  A. 
Or,  if  the  lines  of  force  were  in  the  opposite  direction,  then  a 
downward  movement  of  A  B  would  correspond  with  an  upward 
movement  in  the  former  case. 

The  question  of  induction  of  magnets  on  currents  and  of 
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currents  on  currents  included  under  the  name  electromagnetic 
induction  has  been  very  fully  investigated  by  Faraday.  He 
found  that  the  electro-motive  force  produced  by  the  movement 
of  a  conductor  across  lines  of  magnetic  force  was  independent 
of  the  nature  of  the  conductor,  and  of  its  thickness  in  the  direc- 
tion of  the  hues  of  force.  Thus,  a  bar  of  steel  an  inch  thick 
and  a  foot  long  would  have  induced  in  it,  by  being  carried  across 
a  magnetic  field,  the  same  electro-motive  force  as  a  bar  of  copper 
two  inches  thick,  but  also  a  foot  long,  both  moving  with  the 
same  velocity.  The  currents  in  the  two  cases,  supposing  the 
ends  of  the  bar  to  be  joined  by  similar  wires,  might  be  very 
different,  notwithstanding  the  equahty  in  the  electro-motive 
forces,  because  the  currents  depend  upon  the  total  resistances 
of  the  circuits. 

Since  the  electro-motive  force  induced  in  a  wire  by  its  move- 
ment in  a  magnetic  field  is  equal  to  the  rate  of  cutting  lines  of 
force,  it  is  clear  that  it  will  be  greatest  for  a  given  velocity  when 
the  conductor  moves  perpendicularly  to  the  lines  of  force,  and 
will  be  less  and  less  the  more  oblique  the  direction  of  motion. 
If  we  increase  the  slant  so  that  the  conductor  moves  directly 
along  the  lines  of  force  there  is  no  effect  at  all  produced.  This 
is  evident  from  Fig.  76,  where  it  is  shown  how  much  nearer 
together  are  the  hues  of  force  if  we  proceed  in  the  direction 
A  B  than  if  we  go  along  A  C. 

Again,  we  can  increase  the  induced  electro-motive  force  as 
much  as  we  please  by  making  the  conductor  consist  of  a  large 
number  of  turns  of  wire,  because,  since  each  turn  of  wire  cuts 
across  the  lines  of  force  independently,  each  wire  has  the  same 
electro-motive  force  produced  in  it,  and  we  have  the  effect  of  all 
added  together.  Thus,  if  we  have  a  circle  of  one  turn  of  wire 
and  another  of  three  turns,  then  the  electro-motive  force  pro- 
duced in  the  latter,  by  causing  the  same  change  of  induction  to 
take  place  through  both  coils,  will  be  three  times  that  produced 
in  the  former. 

If  we  move  nearer  together  two  parallel  circles  facing  each 
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other,  in  each  of  which  a  current  is  flowing, — say  in  the  same 
direction, — the  motion  will  be  aided,  as  we  know  by  the  mutual 
attraction  of  the  circles.  (See  page  62.)  At  the  same  time  the 
induction  through  each  of  the  circles  changes;  that  is,  the 
number  of  lines  of  force  included  by  them  is  varied  by  the  move- 
ment ;  therefore,  each  circle  must  become  independently  the 
seat  of  an  electro-motive  force  which  will  augment  or  diminish 
the  original  electro-motive  force  present  according  to  its  direction. 

These  phenomena  have  been  carefully  studied  by  Lenz, 
who  announced  the  law  that  the  induced  currents  are  always 
in  such  directions  that  they  tend,  by  their  electro-magnetic 
action,  to  resist  the  change  which  produced  them.  In  the  case 
cited  above  the  circuits  attract  each  other,  having  currents  in 
the  same  direction ;  hence,  the  induced  electro-motive  forces 
must  be  such  as  to  diminish  the  attraction,  and,  therefore,  in  the 
opposite  direction  to  the  original  electro-motive  forces.  The 
total  electro-motive  force  being  the  difference  between  the  two 
others  in  opposite  directions  (the  original  and  the  induced),  and 
being,  therefore,  diminished,  has  the  result  of  reducing  the  orig- 
inal current,  this  diminution  continuing  as  long  as  the  motion  is 
kept  up. 

We  can,  by  the  application  of  Lenz's  law,  determine  in 
every  case  the  direction  of  the  induced  electro-motive  force 
resulting  from  the  action  of  magnets  on  currents,  and  of  the 
latter  on  themselves. 

Faraday's  and  Lenz's  laws  also  offer  an  explanation  of  the 
oft-observed  phenomenon,  that,  when  a  current  is  made,  there 
is  but  a  very  small  spark  ensuing,  whereas,  when  it  is  broken, 
the  spark  is  very  noticeable,  especially  so  when  the  circuit  con- 
tains a  coil  of  wire  wound  over  a  rod  of  soft  iron.  The  reason 
is  this :  When  the  current  begins  to  flow  through  a  coil,  the 
coil  becomes  at  once  surrounded  by  lines  of  force,  which,  in 
expanding  outward,  must  necessarily  pass  through  the  wires  of 
the  coil  themselves.  But  this  they  cannot  do  without  inducing 
electro-motive  forces  all  along  the  coil,  and,  according  to  Lenz's 
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law,  the  directions  of  the  induced  electro-motive  forces  are  such 
as  to  resist  the  change  by  which  they  are  caused.  Hence,  they 
must  be  opposed  to  the  electro-motive  force  of  the  source,  so 
that  at  the  instant  of  contact  the  total  electro-motive  force  in  the 
circuit  is  small,  and  there  is  consequently  scarcely  any  spark. 
On  breaking  the  circuit,  however,  the  lines  of  force  collapse  sud- 
denly and  again  pass  through  the  wires.  But  the  electro-motive 
force  set  up  this  time  must  aid  the  electro-motive  force  of  the 
source,  since  its  direction  must  be  such  as  to  resist  the  change, 
z.e.,  the  stopping  of  the  current.  Consequently,  at  the  moment 
of  breaking  the  circuit  the  electro-motive  force  is  compara- 
tively high,  being  the  sum,  instead  of  the  diiFerence,  of  the 
induced  electro-motive  force  and  that  of  the  source ;  and  hence 
the  current  tends  to  leap  across  the  break  in  the  form  of  a  spark. 

The  spark  is  diminished  on  closing  and  increased  on  break- 
ing the  circuit  by  the  presence  of  an  iron  rod  in  a  coil  of  wire 
included  in  the  circuit,  because  more  lines  of  force  are  formed 
in  this  case,  as  we  have  already  found.     (See  page  64.) 

The  lines  of  force  around  any  circuit  due  to  its  own  current 
are  called  the  "  self-induction  "  of  the  circuit ;  hence  the  greater 
tlie  self-induction  the  greater  the  spark-length. 

Induction  Coils. — The  rapid  passage  of  lines  of  magnetic 
force  across  a  conductor  resulting  in  the  production  of  an  in- 
duced electro-motive  force  in  the  metal  has  a  practical  applica- 
tion, and  a  very  important  one,  in  the  induction  coil,  better 
known  as  the  "  RuhmkorfF  Induction  Apparatus." 

The  RuhmkorfF  coil  (Figs.  77  and  78)  consists,  in  its  usual 
form,  of  an  electro-magnet,  c,  the  magnetizing  current  flowing 
through  the  wire  A  {B  being  the  battery),  surrounded  by  a 
number  of  turns  of,  generally  finer,  wire,  a  a.  The  circuits  are 
entirely  independent,  having  no  metallic  connection  whatever 
with  each  other,  and  the  circuit,  A  A,  which  conveys  the  mag- 
netizing current  around  the  mass  of  iron  inside  it,  c  b,  is  called 
the  primary  circuit,  while  the  circuit  a  a  is  called  the  second- 
ary.    Sometimes  the  cods  are  so  arranged  that  one  can  slide 
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over  the  other  so  as  to  completely  surround  it,  or  can  be  moved 
oiF  to  a  considerable  distance,  as  in  Fig.  79.    In  order  to  render 


Fig.  77.— Ruhmkorff  Induction  CorL. 

the  action  between  the  coils  susceptible  of  a  still  greater  varia- 
tion the  secondary  coil  is  often  pivoted  so  that  its  axis  may  be  a 
prolongation  of  that  of  the  primary  coil,  or  may  make  any  de- 
sired angle  in  a  horizontal  plane  with  this. 
As  a  rule,  the  primary  coil  is  made  of  quite 
thick  wire,  and  consists  of  a  comparatively 
small  number  of  turns ;  the  secondary,  how- 
ever, is  of  much  finer  wire  and  has  a  large 
number    of    turns.      In    the    circuit    of    the 


Fig.  79, 


primary  coil  there  is  inserted  one  or  more  cells  of  a  battery,  B 
(Fig.  80),  and  it  includes  also  a  contact-breaker,  K.     The  latter 
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is  simply  a  small  vibrating  knob  of  iron,  H^  which  is  moved 
backward  by  the  action  of  a  spring,  S^  and  when  released 
strikes  against  the  core  of  the  electro- magnet.  Being  iron  it  is 
attracted  by  the  iron  core,  (7,  where  this  is  magnetized,  and  is 
pulled  away  by  its  spring  when  the  core  is  demagnetized,  since 
the  core  then  loses  its  attractive  influence.  The  object  of  the 
vibrating  lever,  ST,  is  to  periodically  stop  the  primary  current, 
which  it  does  by  breaking  contact  at  some  point,  K,  in  the 
circuit.  Such  an  arrangement  is  on  this  account  generally 
called  a  "  make  and  break." 

The  mode  of  action  of  the  coil  is  as  follows:  The  lever  L 
is  first  pulled  back  so  that  the  contact  is  made  at  JTand  the  cur- 
rent allowed  to   flow   through    the 
primary  circuit.     The  current   thus 
flowing  magnetizes  the  iron  core,  and 
this  pulls  the  piece  of  soft  iron  on     c 
the  lever  over  until  it   touches  the 
core.     But  at  this  moment  contact  at 
^is  broken  so  that  the  current  stops, 
the  core  loses  its  magnetism,  and  the 
little  iron  armature  is  again  drawn 
backward  by  the  action  of  the  spring, 
S.     As  it  moves  backward  it  makes 

contact  at  K  again,  the  current  flows  once  more,  and  the  same 
series  of  phenomena  is  repeated.  This  making  and  breaking 
of  the  primary  current  can  be  made  to  take  place  with  any 
degree  of  rapidity  desired  by  changing  the  period  of  the 
swinging  lever. 

Now,  every  time  the  current  is  made,  lines  of  force  shoot 
outward  from  the  coil  and  cut  across  the  wires  of  the  secondary 
circuit.  Hence  (page  84),  the  secondary  circuit  becomes  the 
seat  of  an  electro-motive  force,  first  in  one  direction,  then  in  the 
other,  according  as  the  lines  of  force  are  moving  inward  or  out- 
ward. It  is  thus  an  alternating  electro-motive  force.  The  mag- 
nitude of  this  depends  upon  the  number  of  turns  of  wire  in  the 
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secondary  coil,  and  upon  the  number  of  lines  of  force  sent  out- 
ward by  the  primary  circuit  in  the  unit  time ;  that  is,  it  depends 
upon  the  rate  of  change  of  induction  through  the  secondary 
coil. 

The  electro-motive  force  thus  induced  in  the  secondary  cir- 
cuit may  be  many  times  as  great  as  that  existing  in  the  primary 
coil.  Indeed,  it  is  an  easy  matter  to  increase  it  from  the  electro- 
motive force  of  a  single  cell  to  that  of  several  thousand  cells ; 
all  that  is  necessary  is  to  have  a  large  number  of  turns  of  wire 
in  the  secondary  circuit,  and  to  make  the  lines  of  force  move 
very  quickly.  The  latter  is  secured  in  two  ways :  first,  by  making 
the  armature  vibrate  quickly,  and,  secondly,  by  employing  for  the 
iron  core  of  the  primary  circuit  a  bundle  of  soft-iron  wires  in- 
stead of  a  solid  iron  rod.  The  bundle  of  wires  is  much  more 
rapidly  magnetized  and  demagnetized  than  a  solid  core  would 
be,  and  we  have  an  explanation  of  this  in  the  known  relations 
existing  between  the  direction  of  lines  of  force  and  the  direction 
of  the  resulting  currents.  For,  the  same  lines  of  force  which 
move  inward  and  outward  and  thus  produce  electro-motive  forces 
in  the  secondary  circuit  tend  to  give  rise  to  currents  in  the  mass 
of  the  iron  core  itself.  Thus,  every  time  we  have  an  electro- 
motive force  in  a  given  direction  produced  in  the  secondary  cir- 
cuit we  have  an  electro-motive  force  in  the  same  direction  in  the 
iron  core.  Now,  by  Lenz's  law  these  electro-motive  forces  tend 
to  produce  currents  in  such  directions  that  they  resist  the  changes 
by  which  they  are  caused.  Therefore,  when  a  piece  of  iron  is 
magnetized  or  demagnetized  by  electro-magnetic  action  the  cur- 
rents induced  in  its  own  substance  are  in  such  directions  as  to 
diminish  for  the  time  being  the  magnetization  and  also  the  de- 
magnetization. But  if  we  so  subdivide  the  magnet  that  these 
currents  cannot  flow  freely  in  it  we  make  the  iron  capable  of 
assuming  its  final  state  so  much  the  more  rapidly.  This  is  the 
province  of  the  bundle  of  iron  wires,  their  lengths  being  per- 
pendicular to  the  directions  in  which  the  currents  tend  to  circu- 
late. 


INDUCTION   COILS.  91 

"We  must  not  suppose,  because  the  electro-motive  force  in- 
duced in  the  secondary  circuit  is  so  many  times  as  great  as  that 
in  the  primary,  that  we  have,  by  this  means,  increased  the  en- 
ergy of  the  currents.  In  reahty,  under  the  most  favorable  cir- 
cumstances, the  efficiency  of  the  usual  Ruhmkorff  coil  is  about 
65  to  70  per  cent. 

Although  we  have  a  very  high  electro-motive  force  induced 
in  the  secondary  circuit,  the  current  in  this  is  very  small,  and 
we  know  that  the  energy  of  a  current  depends  not  upon  the 
electro-motive  force,  nor  upon  current-intensity  alone,  but  upon 
the  product  of  these  two.  So  in  the  induction  coil,  if  we  should 
actually  measure  the  energy  in  the  secondary  wires  we  should 
find  it  always  less  than  three-fourths  that  of  the  primary.  In 
most  cases,  25  per  cent,  at  least  of  the  energy  of  the  primary 
current  is  lost,  and,  although  it  is  converted  into  some  other 
form  of  energy  (mostly  heat),  it  is  not  available  in  the  secondary 
circuit. 

Only  a  small  electro-motive  force  is  required  to  maintain 
the  current  in  the  primary  circuit,  one  or  two  cells  being  ordi- 
narily sufficient.  Nevertheless,  an  account  of  the  way  in  which 
its  wires  are  coiled  over  a  mass  of  iron  (page  64)  the  electro- 
motive force  due  to  its  own  self-induction  may  be  considerable,  and 
a  spark  may  pass  between  the  points  of  the  contact  breaker  {K) 
from  this  circumstance.  In  this  way  the  metal  surfaces  become 
worn  away,  or  corroded,  so  that  finally  a  good  contact  cannot 
be  made.  To  avoid  such  action,  as  far  as  possible,  the  points 
at  which  the  circuit  is  opened  and  closed  are  sometimes  im- 
mersed in  alcohol,  which  greatly  lessens  the  difficulty.  One 
pole  is  connected  with  a  cup  containing  some  mercury,  covered 
over  with  alcohol,  while  the  other  pole  is  a  rod  which  makes 
contact  by  dipping  into  the  mercury,  and  in  this  way  the 
destructive  sparking  is  almost  completely  avoided. 

As  stated  before,  the  electro-motive  force  of  the  secondary 
coil  (a.  Fig.  78),  in  many  kinds  of  induction  apparatus,  is 
regulated  by  varying  the  distance  and  angular  position  of  the 
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secondary  coil  with  regard  to  the  primary.  It  is  very  easy  to  see 
that,  as  a  consequence,  the  number  of  hues  of  force  passing 
through  the  secondary  coil  will  be  subjected  to  great  changes. 
It  is,  however,  an  error  to  suppose  that  the  number  is  propor- 
tional to  the  distance  between  the  coils;  that  is,  that  the 
electro-motive  force  will  be  twice  as  great,  say,  when  the  dis- 
tance between  the  coils  is  halved.  As  a  matter  of  fact,  so  long 
as  one  coil  surrounds  the  other,  the  changes  in  the  electro-motive 
force  induced  in  the  secondary  are  nearly  proportional  to  the 
distance  between  the  centres  of  the  coils.  But  when  the  sec- 
ondary coil  has  moved  so  far  over  the  primary  that  the  two  coils 
are  end  for  end,  the  effect  becomes  suddenly  very  much  reduced. 
Figure  81  represents  the  relation  between  the  electro-motive 
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force  of  the  secondary  coil,  and  the  distance  between  it  and  the 
primary,  for  an  ordinary  Du  Bois-Reymond  coil,  supposing  the 
same  current  to  flow  always  through  the  latter. 

On  the  horizontal  line  are  measured  the  distances  between 
the  coils,  and  along  the  vertical  line  the  corresponding  electro- 
motive forces  produced  in  the  secondary.  At  0  the  one  coil 
completely  surrounded  the  other;  at  about  D  the  secondary  has 
been  moved  so  far  over  the  primary  that  they  are  end  for  end. 
The  small  change  in  the  electro-motive  force  after  this  point  is 
reached  is  clearly  shown  in  the  figure,  which  is  taken  from  a 
test  of  a  Du  Bois-Reymond  apparatus.  The  reason  of  this  is, 
that  the  lines  of  force  due  to  the  primary  current  do  not  extend 
outward  very  far  from  the  ends  of  the  magnet  core,  but  the 
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greater  number  proceed  from  pole  to  pole  in  the  shortest  pos- 
sible paths.  At  any  rate,  only  a  few  hnes  extend  outward 
to  a  very  great  distance  from  the  magnet  core.  Hence,  after 
the  coils  have  become  actually  separated,  i.e.,  after  they  are 
placed  end  for  end,  there  are  but  shght  diiferences  m  the  electro- 
motive forces  produced  in  the  secondary  coil  for  greater  distances 
between  them. 

Another  method  of  regulation,  one  used  very  extensively  in 
small  induction  coils  made  for  medical  purposes,  consists  in  the 
employment  of  a  copper  or  brass  cylinder  wliich  is  capable  of 
sliding  over  the  iron  core  of  the  primary  coil.  In  Fig.  82,  M 
is  the  soft-u'on  core  of  the  primary  circuit,  P,  surrounding  which 
is  the  metal  cylinder,  C,  which  can  be  pulled  out  as  far  as  de- 
sired, and  S  is  the  secondary  chcuit  of  fine  wire.     The  object 
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of  the  metal  cylinder  is  to  shield  the  iron  core  from  the  mag- 
netic influence  of  the  current  in  the  primary  circuit,  which  it 
does  by  preventing  the  lines  of  force  from  reaching  the  iron. 
They  are  retarded  in  their  movements,  in  their  sudden  expansion 
and  collapse,  by  the  currents  which  they  themselves  produce  in 
the  copper  cyhnder  as  they  tend  to  pass  through  it,  and,,  there- 
fore, do  not  reach  the  iron  beneath.  Hence,  by  varying  the  po- 
sition of  the  copper  "  damper,"  as  it  may  very  appropriately  be 
called,  we  can  shield  as  much  of  the  iron  as  we  please  from 
magnetic  influence,  and  thus  reduce  the  number  of  lines  of  force 
passing  through  the  secondary  circuit  at  will.  When  the  shield 
is  pushed  in  as  far  as  possible,  the  iron  core  is  scarcely  at  all 
magnetized ;  the  apparatus  has  virtually  become  an  induction 
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coil  iDithout  an  iron  core,  and  it  therefore  gives  low  electro- 
motive forces.* 

*  In  speaking  of  the  induction  coil,  it  may  not  be  out  of  place  to  refer  to  the  inaccurate- 
statements  sometimes  made  regarding  the  nature  of  the  secondary  current,— statements  which 
are  often  utterly  absurd.  It  is  claimed,  for  instance,  that  the  character  of  the  secondary  cur- 
rent depends  upon  the  size  of  wire  used  in  the  secondary  winding,  apparently  irrespective  of  any 
change  in  the  electro-motive  force  itself.  A  winding  of  thick  wire  is  supposed  to  have  some 
physiological  influence  which  a  coil  of  thin  wiie  could  never  exert,  etc. 


CHAPTER  III. 

Batteries  and  Cells. 

Primary  Batteries. — Although  until  recent  years  the  primary 
battery  has  been  the  only  available  source  of  electricity  (leaving 
out  of  consideration  electro-static  machines  and  thermo-electric 
apparatus),  there  have  been  made  very  few  improvements  of 
any  importance  since  the  first  battery  came  into  use.  There 
are  many  kinds  of  primary  batteries,  but  the  principle  of  all  is 
the  same,  and  it  depends  in  every  case  upon  the  establishment 
of  an  electro-motive  force  at  the 
surface  of  separation  of  two  metals, 
or  of  a  metal  and  a  fluid. 

The  question  as  to  the  seat 
of  electro-motive  force  in  a  battery 
is  still  in  an  unsettled  condition. 
It  is  claimed  by  some  that  the  dif- 
ference of  potential  is  established 
by  the  mere  contact  of  dissimilar 
substances;  others  look  toward 
chemical  action  for  an  explanation, 
and  perhaps  the  majority  believe 
that  both  chemical  action  and  contact  are  necessarily  concerned 
in  the  phenomenon. 

Be  that  as  it  may,  it  is  easy  to  prove  that  when  a  metal  is 
plunged  into  a  fluid  which  is  capable  of  chemically  attacking 
it,  a  difference  of  potential  is  set  up  between  the  metal  and  the 
fluid.  The  extent  of  this  difference  depends  upon  the  nature 
of  the  metal  and  of  the  fluid,  but  is  constant,  at  a  given  tem- 
perature, for  the  same  substances. 

Primary  batteries  may  very  conveniently  be  divided  into 
two  groups,  called  respectively  one-fluid  and  two-fluid  batteries. 
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One-fluid  Batteries. — Cells   containing   a   single   fliiid- 
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general,  dilute  sulphuric  acid — are  made  by  dipping  two  different 
metals  into  the  liquid,  the  metals  being  usually  in  the  form  of 
flat  or  cylindrical  plates,  and  being  provided  with  binding  posts 
to  which  the  circuit  wires  may  be  attached. 

It  has  been  stated  that  if  we  immerse  a  plate  of  zinc  and 
a  plate  of  copper  into  water  containing  a  little  sulphuric  acid 
(Fig.  84),  there  is  set  up  a  difference  of  potential  between  the 
metals.  This  difference  of  potential  acts,  outside  the  cell,  from 
the  copper  to  the  zinc;  that  is  to  say,  the  copper  is  the  positive 
electrode,  and  the  zinc  the  negative.  Outside  the  battery, 
therefore,  the  current  flows  from  the  copper  to  the  zinc,  but 
inside  the  cell  it  flows  from  the  zinc  to  the  copper.     This  is 
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expressed  by  saying  that  the  electro-motive  force  between  the 
zinc  and  the  dilute  acid  is  greater  than  that  between  the  copper 
and  acid,  which  causes  the  tendency  of  a  current  in  the  direc- 
tion from  zinc  to  copper  through  the  acid.  The  electro-motive 
force  of  the  cell  is,  consequently,  the  difference  of  potential  be- 
tween the  zinc  and  copper.  The  chemical  actions  which  take 
place  in  a  cell  of  this  kind  are,  first,  the  formation  of  sulphate 
of  zinc,  by  the  action  of  the  acid  on  the  negative  plate,  and, 
secondly,  the  liberation  of  hydrogen  gas  at  the  positive  plate. 
Thus,  the  zinc  is  continually  being  converted  into  sulphate  of 
zinc,  and  this  loss  is — ^leaving  out  local  actions — ^proportioned  to 
the  whole  quantity  of  electricity  which  has  passed  through  the 
cell. 
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The  internal  resistance*  of  most  one-fluid  batteries  is  very 
high,  and  the  current  which  can  be  obtained  from  them  is  neces- 
sarily limited  thereby.  In  order  to  diminish  this  resistance  as 
much  as  possible,  the  zinc  and  copper  plates  are  sometimes 
arranged  in  the  form  of  a  spiral,  so  as  to  present  a  very  large 
surface  for  the  passage  of  the  current  (Fig.  85).  Thus,  by  allow- 
ing the  spirals  to  be  separated  by  only  a  small  interval,  the 
internal  resistance  can  be  made  as  small  as  we  please.  The 
electro-motive  force  of  the  battery  is  independent  of  the  size  of 
the  plates  and  of  their  distance  apart,  since  it  depends  solely  on 
the  nature  of  the  metals  used,  and  their  temperature.  The  only 
end  which  can  be  attained  by  the  employment  of  large  plates  is 
a  corresponding  reduction  in  the  internal  resistance  of  tlie 
battery,  on  which  depends  the  intensity  of  the  current  which 
the  battery  can  furnish.  It  is  nearly  always  an  advantage  to 
have  a  battery  with  a  low  internal  resistance,  if  this  can  be 
secured  without  detriment  to  other  important  features  of  a  good 
cell. 

There  are  serious  objections  to  almost  all  one-fluid  cells ; 
they  are  as  follow:  '■•First,  the  gradual  dilution  of  the  acid  solu- 
tion, which  renders  it  less  and  less  capable  of  acting  on  the  zinc 
plate ;  secondly^  the  increase  of  internal  resistance  due  to  this 
extreme  dilution  of  the  acid;  thirdly,  the  deposition  of  zinc 
from  the  solution  of  zinc  sulphate,  or  other  salt,  on  the  copper 
plate,  which  tends  to  diminish  the  effective  electro-motive  force 
of  the  plates,  inasmuch  as,  instead  of  having  a  circuit  made  up 
of  zinc  —  acid  —  copper,  we  have  finally  an  almost  inert  cir- 
cuit, zinc  —  acid  —  zinc  (practically  two  plates  of  the  same  metal, 
instead  of  different  metals) ;  and,  fourthly,  the  '  polarization ' 
of  the  copper  plate,  as  it  is  called."  This  polarization  is  simply 
the  formation  of  a  film  of  hydrogen  on  the  copper  plate,  which 
not  only  increases  the  internal  resistance  of  the  cell  (hydrogen 
being    comparatively   a   poor    conductor),    but    also    tends    to 

♦The  resistance  of  a  galvanic  cell  is  called  its  internal  resistance.  This  is  the  resistance 
which  is  opposed  to  the  flow  of  the  current  through  the  cell  itself,  i.e.,  from  one  pole,  or  elec- 
trode, to  the  other. 
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diminish  its  electro-motive  force.  The  reason  of  this  is  that  the 
electro-motive  force  of  copper-hydrogen  is  in  the  same  direction 
as  that  of  copper-sulphuric  acid,  and  both  being  opposite  to 
zinc-sulphuric  acid  the  total  electro-motive  force  is  diminished 
by  this  amount.  All  these  things  make  most  cells  of  the  one- 
fluid  type  very  unreliable,  for  not  only  is  their  electro-motive 
force  variable,  but  also,  as  shown,  their  internal  resistance,  both 
of  which  should  be  as  constant  as  possible. 

These  difficulties  have  been,  to  a  great  extent,  overcome  in 
some  recent  one-fluid  cells,  which  will  be  described  later. 
(See  page  102,  Fig.  91.) 

Two-fluid  Batteries. — Many  of  the  obstacles  presented  in 
the  use  of  one-fluid  batteries  are  overcome  by  replacing  the 


P  +   r 


Fig.  87. 


Fig. 


single  fluid  by  two  fluids.  In  these  batteries  two  solutions  are 
employed,  and  they  are  separated  from  each  other  either  by 
taking  advantage  of  their  different  specific  gravities  or  by  means 
of  porous  earthenware  vessels. 

Daniel!  Cell. — Probably  the  best-known  type  of  the  two- 
fluid  cell  is  that  called  the  Daniell  Element  (Fig.  86).  In  this 
cell  the  fluids  are  a  saturated  solution  of  sulphate  of  copper, 
OS,  and  a  semi-saturated  solution  of  sulphate  of  zinc,  ZS. 
In  the  copper-sulphate  solution  is  placed  a  sheet  of  metallic 
copper,  G^  and  in  the  zinc-sulphate  solution  a  mass  of  zinc, 
Z,  these  two  metals  forming  the  electrodes  of  the  cell.  The 
general  forms  in  which  these  cells  are  made  are  shown  in  Figs. 
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87  and  88.  The  only  real  difference  between  the  various  styles 
are  the  methods  of  keeping  the  solutions  separated.  This  is 
done  in  Fig.  86  by  means  of  an  earthenware  vessel,  P,  which, 
being  porous,  does  not  offer  a  very  great  resistance  to  the  cur- 
rent, yet  prevents  to  a  great  extent  the  mixture  of  the  solutions 
by  diffusion.  In  all  the  figures  Z  is  the  zinc  electrode,  gener- 
ally in  the  form  of  a  ring,  provided  with  three  or  four  projec- 
tions, which  extend  outside  the  rim  of  the  glass  jar  and  keep  it 
in  place.  G  is  the  copper  electrode  marked  +?  consisting 
simply  of  a  copper  plate  or  disk  having  fastened  to  it  an  insu- 
lated copper  wire,  which  extends  upward  beyond  the  liquid  in 
the  cell.  This  wire  is  covered  with  some  insulating  material, 
such  as  gutta-percha,  which  prevents  the  wire  itself  from  coming 
in  contact  with  the  zinc-sulphate  solution. 

In  the  bottom  of  the  cell  and  surrounding  the  copper  plate 
is  the  copper-sulphate  solution,  C8^  which  is  kept  in  a  saturated 
condition  by  being  in  contact  with  some  crystals  of  the  salt,  which 
dissolve  as  the  solution  becomes  weaker.  In  Fig.  86  the  copper- 
sulphate  solution  is  kept  within  the  porous  vessel,  and  outside 
this  is  the  zinc-sulphate  solution ;  but  in  the  other  two  figures 
(Figs.  87  and  88)  the  zinc-sulphate  solution,  having  a  smaller 
specific  gravity  than  the  copper-sulphate  solution,  floats  on  the 
top  of  this  without  the  aid  of  a  separating  medium  or  diaphragm. 
In  the  figures,  B  is  the  binding-post  to  which  the  circuit  wires 
may  be  attached. 

Fig.  88  is  intended  to  show  a  form  of  DanieJl  cell  which  is 
very  convenient  for  testing  purposes,  especially  when  many  cells 
are  required.  It  is  made  of  an  ordinary  drinking-giass,  and  is, 
therefore,  much  smaller  than  the  usual  cell.  It  is,  however,  in 
all  other  respects  identical  with  those  described. 

In  general,  the  resistance  of  these  cells  is  quite  high, 
amounting  to  about  five  ohms.  It  can,  however,  be  diminished 
ii]  definitely,  just  as  in  the  case  of  one-fluid  cells,  by  using  very 
large  metal  plates  and  placing  them  very  close  together. 

The  chemical  actions  going  on  in  the  Daniell  cell  are  as 
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follow :  The  zinc  plate  becomes  oxidized,  and,  under  the  action 
of  the  sulphuric  acid,  is  gradually  converted  into  sulphate  of 
zinc.  The  sulphate  of  copper  is  decomposed  into  oxide  of 
copper,  which  breaks  up  further,  so  that  in  the  end  copper  is 
deposited  on  the  copper  plate.  This,  therefore,  grows  larger 
at  the  expense  of  the  copper-sulphate  solution,  which  would  thus 
become  weaker  were  it  not  for  the  presence  of  the  crystals  of 
salt.  At  both  plates  gases  are  formed,  in  consequence  of  the 
action  of  the  sulphuric  acid  on  zinc  at  one  electrode  (the  nega- 
tive), and  of  the  breaking  down  of  the  copper  sulphate  into 
H2SO4  (sulphuric  acid),  copper  and  oxygen  at  the  other. 

But  oxygen  and  hydrogen  are  separated  out  from  the  water 
at  the  negative  and  positive  electrodes  respectively,  and  the  hy- 
drogen thus  formed  combines  with  the 
oxygen  from  the  oxide  of  copper,  and  hence 
forms  water  back  again,  the  same  thing 
taking  place  at  the  zinc  pole.  Thus,  no 
free  gas  appears  at  either  electrode,  and  the 
phenomenon  known  as  polarization,  which 
consists  in  the  deposition  of  gases  on  the 
surfaces  of  the  metallic  plates,  and  which 
is  so  grave  an  objection  to  the  one-fluid 
battery,  is  thereby  avoided.  If  the  solutions  are  kept  constant, 
and  the  plates  carefully  looked  after,  the  Daniell  cell  will  give  a 
practically  constant  electro-motive  force  for  very  long  periods. 
But  it  requires  much  attention. 

Grove  Cell. — Another  very  well  known  cell,  especially  so 
in  its  variously  modified  forms,  is  that  called  the  Grove  cell 
(Fig.  89). 

In  this  cell  (Fig.  90)  the  two  active  fluids  are  diluted  sul- 
phuric and  nitric  acids,  S  and  iV,  and  the  metals  immersed  in 
them  are  respectively  zinc  and  platinum,  Z  and  P. 

The  acids  are  separated  by  means  of  a  porous  cup,  C,  and 
the  general  form  of  the  battery  is  shown  in  Figs.  90  and  91. 
Here  Z  represents  the  zinc  plate,  a  circular  cylinder  having 


GROVE   AND   BUNSEN    CELLS. 


101 


a  longitudinal  slit  along  its  whole  length  in  order  to  allow  the 
sulphuric  acid,  S,  in  which  it  is  immersed  to  circulate  freely  on 
both  sides  of  it.  C  is  the  porous  cup  separating  the  nitric  acid, 
N,  within  it  from  the  sulphuric  acid,  S,  outside,  and  P  is  the 
platinum  electrode,  which  is  simply  a  rod  of  platinum  provided 
with  a  binding-post. 

The  reactions  which  take  place  in  this  cell  are  the  conver- 
sion of  zinc  into  sulphate  of  zinc  and  the  combination  of  the 
hydrogen  formed  at  the  negative  pole — the  platinum  bar — with 
nitric  acid  to  form  water  and  hyponitric  acid.  In  consequence, 
the  evolution  of  nitrous  fumes,  in  large  quantities,  accompanies 
the  use  of  this  style  of  battery,  because  only  a  part  of  the  gases 
^p  liberated   are   absorbed   by  the  water. 

Vs  The   platinum  is  not  attacked  by  the 
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(View  from  above.) 


Fig.  90. 


acid,  and  will,  therefore,  last  indefinitely.  But  the  zinc  is  likely 
to  be  rapidly  consumed  unless  carefully  amalgamated. 

The  value  of  the  Grove  cell  consists  in  its  low  internal  re- 
sistance (which  in  cells  of  ordinary  size  is  less  than  a  quarter  of 
an  ohm)  and  its  high  electro-motive  force  (which  under  favorable 
conditions  is  nearly  two  volts).  The  nitrous  fumes  given  off 
during  the  action  of  the  cell,  which  are  not  on-y  disagreeable  but 
dangerous,  are  the  objection  to  its  use.  Furthermore,  although 
the  electro-motive  force  is  high  under  favorable  circumstances,  it 
diminishes  greatly  when  the  concentration  of  the  acids  falls  be- 
low a  certain  value. 

Bunsen  Cell. — In  the  Bunsen  cell  the  platinum  electrode  is 
replaced  by  a  stick  of  carbon,  otherwise  the  Bunsen  and  Grove 
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elements  are  exactly  alike  in  their  arrangement.  But  the  electro- 
motive force  of  the  Bunsen  cell  is  somewhat  greater  than  that 
of  the  Grove,  an  advantage  which  is,  however,  counterbalanced 
by  its  higher  internal  resistance. 

Chromate  of  Potash  Cell. — Another  very  similar  cell  is  quite 
extensively  employed  in  place  of  the  preceding,  because  it  is  free 
from  the  objectionable  nitrous  fumes  referred  to.  In  this  cell 
(called  the  bi-chromate  element)  instead  of  nitric  acid  a  solution 
of  chromic  acid — formed  previously  by  the  action  of  sulphuric 
acid  on  potassium  chromate — is  used  in  the  porous  cup,  and  into 
-^  this  is   placed  the  carbon  rod.     Moreover, 

7      j  the  sulphuric  acid  is  frequently  replaced  by 

\     I  a  saturated  solution  of  common  salt.      This 

cell  has  also  an  electro-motive  force  of  about 
two  volts, — more  accurately,  1.87  volts. 

Chloride  of  Silver  Battery. — A  battery 
which  gives  a  practically  constant  electro- 
motive force  during  a  large  number  of 
hours'  use  is  a  modification  of  the  chloride 
of  silver  cell  brought  into  prominence  by 
De  la  Rue  some  years  since.  The  cells  as 
now  manufactured  in  this  country  are  rep- 
resented in  Fig.  91.  Here  6^  is  a  glass 
vessel  about  three-quarters  of  an  inch  in  diameter  and  two  or 
three  inches  long,  provided  with  a  double  stopper,  the  lower 
one,  0,  being  composed  of  resin  and  resin-oil,  and  the  upper,  S, 
of  plaster  of  Paris.  The  vessel  contains  a  paste  made  of  flour 
and  sulphate  of  zinc,  into  which  dip  the  metal  electrodes. 
These  are  rods  or  plates  of  zinc,  Z.,  there  being  two  of  these, 
and  between  them  is  a  rod  of  chloride  of  silver,  A.  A  silver 
wire  is  attached  to  the  silver-chloride  electrode,  and  passes  out 
through  the  stopper. 

To  the  zinc  electrodes  are  fastened  copper  wires,  carried 
through  the  stopper  in  the  same  manner.  These  cells  have  an 
electro-motive  force  of  almost  exactly  one  volt,  and  are  said  to 
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CHLORIDE    OF    SILVER    BATTERY. 


103 


remain  constant  for  very  long  periods.  The  cell  shown  in  Fig. 
91  has  an  internal  resistance  of  about  three  or  four  ohms,  but 
others  are  constructed  with  larger  plates  having  a  resistance  of 


Fig.  92. 


something  like  half  an  ohm.  Through  a  proper  external  resist- 
ance such  cells  are  able  to  furnish  currents  of  sufficient  inten- 
sity to  be  applicable  to  almost  any  variety  of  medical  practice. 


Fig.  93. 


Figs.  92  and  93  show  the  cells  mounted  in  boxes,  each  case 
containing  fifty  cells,  and  that  in  Fig.  92  having  also  a  small 
induction  coil  attached. 
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In  the  use  of  batteries  it  often  becomes  important  to  arrange 
a  number  of  cells  in  such  a  way  that  through  a  given  external 
resistance  we  may  obtain  the  largest  possible  current.  We  have 
found  from  Ohm's  law  that  the  current  which  is  furnished  by  a 
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Fig.  94.— Cells  Joined  ix  "Sekies. 


certain  electro-motive  force  is  not  only  dependent  upon  the 
electro-motive  force  itself,  but  also  upon  the  resistance  through 
which  the  current  must  flow.  Hence,  since  the  internal  resist- 
ance of  the  battery  must  be  included  in  the  circuit,  the  maximum 
current  is  not  a  question  of  the  heaping  up  of  electro-motive 
forces,  but  of  arranging  the  cells  so  that  the  electro-motive  force 
is  greatest  when  the  resistance  is  least.  Now,  cells  can  be 
arranged  in  three  ways:  they  can  be  joined  with  their  poles 
positive  to  negative,  positive  to  negative,  and  so  on,  in  a  chain, 
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Fig.  96. 


which  is  called  arrangement  "in  series"  (Fig.  95);  they  can  be 
joined,  all  the  positives  and  all  the  negatives  together,  called 
"in  multiple  arc"  or  "abreast"  (Fig.  96),  or,  finally,  they  can  be 
joined  partly  in  series,  partly  abreast  (Fig.  97). 

Series  Arrangement — Suppose  we  have  n  cells  joined,  as 
shown  in  the  figure  95,  i.e.,  the  copper  of  one  cell  to  the  zinc 
of  the  next,  and  so  on.     Let  the  electro-motive  force   of  each 
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cell  be  E^  its  internal  resistance  r ;  and  suppose  the  external 
resistance  is  R.  Then  we  have  evidently  a  battery  with  n  times 
the  electro-motive  force  and  n  times  the  internal  resistance  of  a 
single  ceU.     Hence,  by  Ohm's  law  the  current  is 

n  E 
R  -\-  n  r 

Now,  if  R  is  small  compared  with  r,  the  value  of  this  does 
not  differ  greatly  from  -^;  that  is,  from  ~;  hence  the  current 
from  n  cells  is,  in  this  case,  but  a  slight  increase  over  the  current 
from  one  cell,  and  no  advantage  has  been  gained  by  the  process. 
But  if  R  is  very  great  compared  with  n  r,  then  the  fraction 
becomes  nearly  ^,  so  that  it  is  almost  n  times  as  great  as  if  we 
had  used  only  a  single  ceU,  Hence,  in  this  case,  i.e.,  when  the 
external  resistance  is  great,  there  is  an  advantage  in  using  a 
large  number  of  cells  in  series. 

Multiple-Arc  Arrangement. — In  this  arrangement  all  the  zinc 
poles  {Z)  are  joined  to  one  wire  and  all  the  copper  poles  {C)  to 
another,  these  two  wires  themselves  forming  the  new  poles  (Fig. 
96).  In  this  way  the  electro-motive  force  remains  the  same  as  be- 
fore, ^.e.,that  of  a  single  cell,  ^,but  the  internal  resistance,  suppos- 
ing there  are  n  cells,  has  been  diminished  n  times.  The  effect  of 
joining  the  cells  in  this  way  is  to  make  one  large  battery  or 
cell,  the  area  of  whose  plates  has  been  increased  ?2-fold.  If  the 
external  resistance  remains,  as  before,  equal  to  JS,  we  have  again, 

by  Ohm's  law, 

E 

Current  = 


and,  as  before,  the  current  obtainable  depends  upon  the  relation 
of  R  to  r, — *.e.,  of  the  external  to  the  internal  resistance.  Thus, 
if  R  is  great  compared  with  i\  there  is  no  advantage  in  joining 
the  cells  in  this  way.  But  if  R  is  small  compared  with  r,  the 
current  will  by  this  means  be  increased  nearly  n  times,  exactly 
the  reverse  of  what  occurred  with  the  arrangement  in  series. 

Combinational  Arrangement. — In  this  case  the  cells  are  ar- 
ranged partly  in  series  and  partly  in  parallel  (Fig.  97).     Suppose 
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we  have  n  m  cells  in  all,  and  of  these  m  are  joined  in  series,  and 
therefore  n  in  parallel.  Then  we  have,  by  the  application  of 
Ohm's  law  to  the  case,  supposing  the  external  resistance  to  be  R, 
and  the  internal  resistance  of  one  cell  r, 

^  m  E  n  m  E 

Current  = 


■^  +  ^  n  B  -\-  m  r 
and,  as  before,  the  value  of  the  method  of  joining  the  cells  de- 
pends entirely  upon  the  relations  existing  between  E  and  r  ;  that 
is,  between  the  total  resistance  of  the  battery  and  the  external 
resistance.     When  the  latter  is  known,  the  best  way  to  join  up 
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Fig.  97.— Thkee  Cells  in  "Series,"  Two  in  "Parallel." 

the  battery  is  to  m.ake  its  final  resistance  as  nearly  as  possible 
equal  to  the  given  external  resistance.  This  equality  can  always 
be  approximated  to,  and  the  more  nearly  equal  the  resistances 
may  be,  the  larger  will  be  the  current  from  the  battery  through 
that  particular  external  resistance. 

This  rule  does  not  apply  to  the  storage  battery,  because*  we 
have  in  this  case  to  consider  also  the  maximum  discharge-rate 
for  which  the  cells  are  suited.  Their  internal  resistance  is  so 
low  as  to  be  generally  negligible,  and  if  the  external  resistance 
should  have  about  the  same  value,  the  cells  would  be  "short- 
circuited"  and  probably  be  irretrievably  damaged. 


CHAPTER  IV. 


Storage  Electricity. 

Storage  Batteries,  or  Accumulators. — We  have  a  clear  fore- 
shadowing of  the  storage  battery  (Figs.  98,  99,  100)  in  the  ex- 
periment mentioned  on  page  91,  in  which  it  was  observed  that  a 
reversed  current  of  electricity  could  be  produced  by  two  platinum 
plates  immersed  in  dilute  sulphuric  acid  after  the  primary  current 


Figs.  98  and  99.— Storage  Cells. 


has  been  stopped,  and  the  plates  subsequently  joined  by  a  metallic 
wire  outside  the  fluid.  In  this  case,  the  very  marked  enfeeble- 
ment  of  the  primary  current,  as  well  as  the  production  of  the 
reverse  current,  was  traced  to  the  action  of  the  layers  of  gas  de- 
posited on  the  surface  of  the  plates.  It  was  pointed  out,  how- 
ever, that  there  was  probably  no  chemical  combination  between 
the  gas  and  the  plates,  though  this  condition  was  approached  in 
the  close  relation  existing  between  the  film  and  the  plate. 

(107) 
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This  state  of  things  differs  from  the  phenomena  occurring 
in  the  storage  battery,  inasmuch  as  in  the  latter  there  is  a  chemi- 
cal change  going  on  at  the  surface  of  the  two  plates  which 
affects  the  plates  themselves ;  and  it  is  upon  this  change — as 
long  as  it  is  a  reversible  one — that  the  value  of  the  battery 
depends. 

It  is,  therefore,  altogether  erroneous  to  call  an  apparatus, 
made  as  the  so-called  storage  battery  is  made,  a  storage  battery 
or  accumulator,  or  to  speak  of  stored  electricity  at  all  under 
these  circumstances.  There  occurs,  as  far  as  we  know,  no 
storage  of  electricity  whatever  in  this  or  in  similar  cases ;  in- 
deed no  electrification  can  be  observed  in  the  plates  of  which  the 
battery  is  composed.     In  other  words,  the   "  storage "  cell  has 


Fig.  101. 


become  the  seat  of  a  more  or  less  reversible  chemical  change^ 
and  as  long  as  chemical  action  is  prevented  there  is  no  elec- 
tricity in  the  cell. 

The  only  known  apparatus,  as  far  as  electrical  devices  are 
concerned,  which  may  be  properly  called  a  storage  battery,  is 
the  Ley  den  jar.  Here,  as  well  as  in  similar  arrangements  called 
condensers,  there  is  an  actual  accumulation  of  electricity,  and 
the  quantity  which  can  be  thus  "  accumulated"  or  "  stored  up," 
upon  a  given  area,  depends  upon  the  distance  apart  of  the  sur- 
faces and  the  nature  of  the  medium  between  them,  but  not  on 
the  nature  of  the  conductor  itself. 

Nothing  of  this  kind  holds  true  in  the  storage  battery,  but, 
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as  the  apparatus  referred  to  by  that  name  is  so  well  known,  it 
will  be  advisable  to  retain  the  term. 

Planie  Type  of  Cell. — Some  years  ago  a  French  electrician, 
Gaston  Plante,  constructed  a  storage  cell  which  may  be  said  to 
have  been  the  first  practical  one  (Fig.  101).  This  was  made  of 
two  sheets  of  lead  immersed  in  dilute  sulphuric  acid.  Through 
this  arrangement  an  electric  current  was  passed  for  a  certain 
length  of  time,  after  which  it  was  found  that  one  plate  had  be- 
come oxidized,  the  other  remaining  practically  unaffected.  Then 
the  current  was  passed  through  the  cell  in  the  opposite  direction, 
with  the  result  of  oxidizing  the  plate  before  unacted  upon,  and 
of  reducing  the  oxide  previously  formed  on  the  other  plate  to 
the  condition  of  spongy  lead.  The  process  was  repeated  a  num- 
ber of  times,  and  it  was  found  that  the  capacity  of  the  cell — that 
is,  the  length  of  time  it  would  furnish  a  current  of  a  given  inten- 
sity— was  increased,  within  certain  limits,  proportionately  to  the 
number  of  times  the  charging  operations  were  repeated.  The 
.final  result  of  the  action  of  the  charging  current  was  seen  to  be 
the  formation  of  a  rather  thick  layer  of  spongy  lead  on  one 
plate,  and  of  lead  oxide  on  the  other.  Two  plates  in  this  con- 
dition are  ready  for  use  in  the  storage  battery  of  the  Plante  type. 
The  plates  are  then  said  to  be  "  formed,"  and  the  operation 
just  described  is  known  as  the  process  of  "  forming  the  plates." 
The  plate  with  the  layer  of  oxide  upon  it  is  called  the  positive 
plate,  and  that  with  the  spongy  lead  the  negative  plate ;  that 
is  to  say,  during  discharge  the  current  flows  fi'om  the  plate  con- 
taining the  oxide,  through  the  circuit,  and  into  the  cell  again 
by  means  of  the  spongy-lead  plate.  But  during  the  process  of 
charging  the  current  flows  into  the  cell  through  the  positive 
plate,  i.e.,  the  oxidized  plate,  and  out  through  the  other.  Now, 
during  the  charging  operation,  the  positive  plate  becomes  partly 
oxidized,  the  negative  being  more  or  less  reduced  to  the  con- 
dition of  spongy  lead.  During  the  ensuing  discharge  the  posi- 
tive plate  has  a  portion  of  its  oxide  reduced  to  a  lower  form 
of  oxide,  and  some  of  it  is  reduced  to  spongy  lead,  while  the 
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negative  plate  is  partially  oxidized.  Thus,  there  is  an  alternate 
change,  backward  and  forward,  from  lead  to  oxide  of  lead,  and 
from  oxide  of  lead  to  metallic  lead  again,  which,  as  before  re- 
marked, is  the  essential  feature  of  the  storage  battery. 

Faure's  Cell. — The  Plante  battery  has  the  objection  of  re- 
quiring a  very  long  time  for  the  process  of  formation.  To 
avoid  this,  Faure,  also  a  French  electrician,  conceived  the  idea 
of  coating  the  plates  mechanically  with  lead  salts,  so  that  he 
could  by  this  means  materially  shorten  the  time  subsequently 
required  to  bring  the  plates  into  the  proper  condition. 

At  first  Faure  simply  coated  the  lead  sheets  with  lead  ox- 
ides, so  that  there  was  but  little  mechanical  support  for  these 
salts.  Later,  he  employed  plates  with  holes  cut  into  them, 
technically  called  "grids,"  and  plates  of  this  kind,  variously 
modified,  especially  in  regard  to  the  shape  of  the  cavities,  are  at 
present  almost  exclusively  employed. 

In  the  cell  as  now  used  the  lead  plates  are  cast  into  molds 
of  the  required  shape,  their  size  varying  with  the  kind  of  cell. 
After  the  plates  are  cast  they  are  filled  in  with  the  lead  oxide, 
or  "  active  material,"  as  it  is  called.  This  consists  simply  of  an 
oxide  of  lead  mixed  with  sufficient  sulphuric  acid  to  render  it 
somewhat  pasty.  The  paste  is  then  mechanically  pressed  into 
the  cavities  of  the  plate,  which  are  then  rendered  smooth.  Two 
oxides  of  lead  are  generally  employed :  for  the  plate,  which  is 
to  become,  in  the  cell,  the  positive  electrode,  red  lead  Ph^O^  is 
used ;  while  in  the  negative  plate  there  is  used  the  yellow  oxide, 
PbO.  After  these  oxides  have  been  suitably  "filled"  into  the 
plates,  the  latter  are  regularly  "formed"  by  passing  a  current  of 
given  intensity  through  them  when  immersed  in  dilute  sulphuric 
acid.  On  the  completion  of  this  process  the  plates  are  ready 
for  use. 

Sometimes,  in  the  manufacture  of  storage-battery  plates, 
the  interstices,  instead  of  being  cast  into  the  plates,  are  the  re- 
sult of  mixing  some  compound  soluble  in  water  with  the  molten 
lead  (such  as  common  salt,  NaCl)  and  afterward  dissolving  this 


faure's  cell.  Ill 

out.  In  this  way  the  resultnig  pores  are  of  irregular  form,  and 
appear  capable  of  retaining  the  oxides  of  lead,  afterward 
pressed  in,  more  effectually  than  the  pores  of  the  usually  regular 
shape.  The  plates  of  the  storage  cell  are  all  connected  in  par- 
allel ;  that  is,  the  positive  plates  are  all  joined  by  a  lead  strip, 
forming  one  electrode,  the  negative  plates  being  joined  in  a  simi- 
lar way  to  another  strip,  so  as  to  make  up  the  other  electrode. 
Any  number  of  plates  can,  of  course,  be  joined  together,  with 
the  result  of  increasing  the  area  of  the  electrodes  a  proportion- 
ate number  of  times,  and  this  increase  means  a  corresponding 
diminution  in  the  internal  resistance   of  the  cell  itself 

The  chemical  reactions  which  go  on  in  the  storage  battery 
are  still  incompletely  kno^vn,  but  it  seems  generally  believed  by 
those  who  have  given  the  subject  the  most  careful  study  that 
the  chemical  changes  do  not  end  with  the  conversion  of  P&3O4 
into  PhO^  on  the  positive  plate,  and  of  PhO  into  Ph  on  the 
negative.  There  is  always  a  quantity  of  sulphate  of  lead  formed, 
during  discharge,  on  both  plates,  and,  according  to  Gladstone 
and  Tribe,  and  others,  this  reaction  is  that  on  which  the  working 
of  the  battery  depends.  It  has  been  found  that,  after  discharge 
has  been  continued  to  a  certain  extent,  there  is  on  the  negative 
plate  a  mixture  of  spongy  lead  and  sulphate  of  lead,  and  on  the 
positive  a  mixture  of  sulphate  and  undecomposed  lead  oxide. 
These  changes  may  be  represented  by  the  chemical  equation, 

Ph  +  2H^S0^  +  P6O2  =  2PbS0^  +  2H2O 

In  support  of  this  view,  it  can  be  readily  proved  that  the  dilute 
acid  in  which  the  plates  are  immersed  always  grows  weaker 
during  the  discharge  of  the  cells. 

While  the  cells  are  charging  the  reverse  phenomena  occur, 
namely,  on  the  positive  plate  the  sulphate  becomes  oxidized 
with  the  formation  of  sulphuric  acid,  thus: 

PbSO^  J^  0  +  R^O^  PbOz  +  B^SO^ 
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and  on  the  negative  the  sulphate  becomes  reduced  also  with  the 
production  of  sulphuric  acid, 

nSO^  -\-  H^  =  Pb-{-  H^SO^ 

There  is,  further,  a  local  action  going  on  at  the  surface  of  the 
plates,  between  the  metal  of  the  "grid"  and  the  lead  oxide  on 
the  positive  electrode  itself, 

Ph  +  P6O2  +  2H^S0^  =  2P65O4  +  'iE^O 

Here,  also,  there  is  a  formation  of  sulphate  of  lead.  This  phe- 
nomenon offers  an  explanation  of  the  well-known  fact  that  in 
a  storage  cell  the  "  formation  "  of  the  plates  frequently  continues 
even  after  the  current  has  been  stopped. 

Another  important  reaction  taking  place  in  these  cells  is  the 
formation  of  peroxide  of  lead  on  the  negative  plate,  which 
results  from  the  oxidation  of  sulphate  during  discharge.  It  is 
this  formation  which  causes  the  phenomenon  of  residual  dis- 
charge, so  marked  in  most  forms  of  storage  cell.  The  peroxide 
of  the  negative  plate  tends  to  establish  equilibrium  between 
itself  and  the  positive  plate,  even  before  the  sulphating  is  com- 
plete and  before  the  positive  peroxide  has  disappeared.  Thus 
the  electro-motive  force  gradually  falls.  But  after  an  interval 
of  rest  the  negative  peroxide  becomes  converted  into  sulphate, 
from  the  local  action  between  itself  and  tlie  metallic  lead,  and 
the  electro-motive  force  reaches  its  normal  value  again.  Thus 
the  cell  is  once  more  able  to  furnish  a  large  current,  with, 
however,  a  recurrence  of  the  same  series  of  phenomena. 

This  action  increases  with  increase  in  the  discharge-rate; 
hence,  the  electro-motive  force  falls  very  rapidly  when  very 
heavy  currents  are  taken  from  the  cell. 

The  electro-motive  force  of  the  lead,  lead-oxide  storage 
cell,  varies  considerably  with  the  conditions  under  which  the 
cell  is  used.  In  ordinary  working  the  electro-motive  force  may 
De  taken  as  equal  to  2  volts. 

During  charge,  especially  toward  the  end  of  the  process, 
the  electro-motive  force  rises  much  above  this  value,  and  when 
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the  cell  is  discharging  it  falls  below,  and  continues  to  do  so 
until,  when  completely  discharged,  its  electro-motive  force  is 
zero.  The  figure  (102)  represents  two  curves  taken  at  random 
from  a  series  of  tests  of  several  well-known  types  of  storage 
batteries.  The  curve  A  shows  how  the  electro-motive  force 
rises  during  charge  until  it  reaches  the  value  of  about  2|-  volts, 
after  which  a  further  continuation  of  the  process  is  a  waste  of 
current.      Curve  B  represents   the  variation  of  electro-motive 


force  during  a  discharge. 


It  will  be  seen  that,  according  to 


this,  the  potential  remains  rather  constant  at  about  1.90  or 
1.95  volts  for  the  greater  part  of  the  time  of  discharge,  and 
that  when  it  begins  to  fall  it  falls  very  rapidly.  These  dis- 
charge curves  are,  however,  very  indeterminate,  since  their  form 
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Fig.  102. 


depends  altogether  upon  the  intensity  of  the  current  taken  from 
the  battery.  If  this  is  great  the  electro-motive  force  falls  very 
rapidly,  and  even  at  the  start  diminishes  perceptibly  in  short 
intervals  of  time.  On  the  other  hand,  if  it  is  small,  the  electro- 
motive force  remains  nearly  constant  at  approximately  2  volts 
for  nearly  the  whole  time  of  discharge. 

In  the  practical  use  of  the  battery  it  is  advisable  never  to 
push  the  discharge  so  far  as  indicated  on  this  curve.  When  the 
electro-motive  force  falls  to  1.8  or  1.7  volts  the  battery  should 
be  disconnected  and  at  once  recharged,  for  the  battery  suffers 
when,  in  disuse,  it  is  in  an  uncharged  state. 

The  capacity  of  a  storage  battery  is  generally  measured  in 
ampere-hours;  that  is,  by  the  number  of  hours  it  wiU  supply  a 
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current  of  given  intensity.  Thus,  a  battery  whose  capacity  is 
said  to  be  100  ampere-hours  is  one  which  will  furnish  a  current 
of  10  amperes  for  10  hours,  or  a  current  of  5  amperes  for  20 
hours,  or  a  current  of  25  amperes  for  4  hours.  These  examples 
are,  however,  not  all  identical,  for  a  cell  which  might  give  10 
amperes  for  10  hours,  would  probably  give  25  amperes  for  only 
3  hours,  and  50  amperes,  perhaps,  during  only  1  hour.  In  other 
words,  the  capacity  diminishes  with  the  intensity  of  the  current 
used,  just  as  the  electro-motive  force  was  shown  to  do.  More- 
over, it  is  usual  on  the  part  of  the  manufacturers  to  specify  the 
intensity  of  the  current  which  they  believe  best  suited  for  their 
cells,  and  the  capacity  of  the  battery  reaches  its  normal  value 
only  when  the  discharging  current  does  not  exceed  this. 

The  value  of  the  current  which  the  cell  is  best  suited  to 
furnish  depends  upon  the  character  of  the  plates  and  their  size 
and  number,  and  is  called  the  discharge-rate.  A  higher  rate 
can  be  used  for  discharging  than  for  charging  without  detriment 
to  the  cell.  It  is  determined,  as  stated,  for  a  particular  cell  by 
the  size  and  number  of  the  plates,  and  is  based  upon  a  current 
of  given  intensity  per  square  centimetre  of  surface  of  plate.  It 
has  been  found  that  when  this  value  of  the  current  is  exceeded 
there  is  much  waste  of  energy  in  the  decomposition  of  the  water 
and  other  irreversible  actions,  as  well  as  a  rapid  deterioration 
of  the  plates. 

The  discharging  rate  best  adapted  to  the  ordinary  lead  plate 
(pasted),  as  now  made,  is  about  25  amperes  per  seven  square 
feet  of  total  surface. 

When  a  current  of  this  proportionate  value  is  employed 
the  cells  do  no  "  boil "  perceptibly — that  is,  do  not  freely  give 
off  gas,  which  of  course  represents  a  dissipation  of  part  of  the 
energy  of  the  current — until  the  charging  is  complete.  The 
cell  is  completely  charged  w^hen  its  electro-motive  force — with 
proper  charging  rate — reaches  the  value  of  2.5  volts ;  after  this, 
whatever  current  is  put  into  the  cell  is  wasted. 

On  the  other  hand,  if  a  too  weak  current  is  used,  there  is 
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again  much  waste  of  energy,  and,  indeed,  the  charge,  as  meas- 
ured in  ampere-hours,  may  greatly  exceed  that  which  the  cell 
ought  to  obtain. 

This  is  due  to  defective  insulation,  which  it  is  almost  im- 
possible to  completely  guard  against ;  however,  as  a  charging- 
rate  which  is  too  small  means  simply  a  loss  of  energy,  while  an 
excessive  rate  means,  in  addition  to  this,  great  danger  to  the  life 
of  the  battery,  we  should  be,  on  the  whole,  careful  to  have  the 
error  on  this  side. 


Fig.  103. 


The  internal  resistance  of  the  ordinary  form  of  commercial 
storage  battery  is  very  low,  being,  for  a  cell  with  19  plates  of  the 
size  7  by  9  inches,  about  .002  or  .003  of  an  ohm.  It  varies  with 
the  number  of  plates,  i.e.,  the  total  surface  exposed  to  the  current, 
and  with  their  distance  apart,  and  is  a  little  greater  during 
charge  than  discharge.  It  is,  therefore,  impossible  to  state  its 
value  accurately  unless  these  conditions  are  known. 

As  stated,  the  density  of  the  acid  surrounding  the  plates 
becomes  greater  and  greater  as  the  charging  progresses,  and 
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when  the  cell  is  fully  charged  it  should  reach  the  value  1200 
Baume. 

In  replenishing  the  liquid  it  is  only  necessary  to  add  water 
to  the  cell,  unless  by  excessive  "  bubbhng  "  some  acid  may  have 
been  thrown  out.  In  general,  only  the  water  is  lost,  since  the 
acid  does  not  evaporate,  and  hence  we  have  only  to  replace  this. 
The  average  density  of  the  solution  should  be  about  1175,  and 
when  it  falls  to  near  1100  the  cell  should  be  immediately  re- 
charged. 

For  some  classes  of  medical  work,  and  in  such  other  work 
as  may  require  currents  ranging  from  25  miUiamperes  up  to 
2000  or   3000,  a  storage-cell,  similar  to  that  shown   in   Fig. 
103,  is  very  suitable.     These  cells  contain  three 
or  iive  plates, — two  or  three  negatives  and  one  or 
two  positives, — and  are  provided  with  a  screw  or 
India-rubber  cap  at  the  top,  through  which  the 
gases   formed  during  charge  can  escape.      The 
case   itself  is    of  "  hard  rubber,"  and  is  almost 
water-tight,    the    only  opening   being   the    cap, 
which   is   removed   only   when  necessary.     The 
dimensions  of  these  cells  are  about  as  follow : 
Fig  104  Height,  seven  inches ;  width,  four  inches ;  thick- 

ness, three  inches;  and  each  cell  weighs 
about  ten  or  fifteen  pounds.  The  capacity  is  about  two  or 
three  ampere-hours,  so  that  even  at  the  maximum  rate  for 
which  these  small  cells  are  intended  they  will  furnish  a  current 
of  1  ampere  continuously  for  at  least  two  or  three  hours.  As 
in  all  storage  batteries,  so  in  this  type,  the  electro-motive  force 
for  an  average  discharge  is  about  two  volts.  When  these  cells 
are  employed  regularly  it  is  advisable  to  have  two  batteries 
of  the  required  number  of  cells,  so  that  one  battery  may  be 
charged  while  the  other  is  in  service.  If  it  is  necessary  to  em- 
ploy an  electro-motive  force  of  80  or  100  volts,  forty  or  fifty  of 
these  cells  could  be  arranged  in  a  case  of  not  excessive  size. 
These  cells  are  also  very  useful  when  it  is  desired  to  use  a 
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search-lamp  (Fig.  104)  for  illuminating  the  cavities  of  the  human 
body.  One  electric  lamp  furnishing  a  light  equal  to  about  one 
candle  can  be  easily  supplied  from  two  of  these  cells,  and 
kept  burning  continuously  for  about  three  hours.  The  lamps 
must  be  mounted  on  a  suitable  frame,  which  should  have  a  key 
by  means  of  which  the  current  could  be  turned  on  or  off,  as 
desired. 

Electrical  Units. — It  has  been  shown  on  page  6  that,  pro- 
vided all  the  quantities  are  measured  in  the  same  units,  we  can 
write,  for  the  force  acting  between  two  bodies  whose  charges 
are  q  and  q^^  and  whose  distance  apart  is  r, 

We  must  therefore  define  our  unit  of  force.  This  is  done 
according  to  Newton's  first  law  of  motion,  which  is  stated  thus  : 
The  unit  force  is  that  force  which,  acting  for  unit  time  on  the 
unit  mass,  produces  unit  velocity.  It  therefore  depends  upon 
the  units  of  length,  of  mass,  and  of  time.  At  the  present  day 
these  are,  throughout  the  entire  scientific  world,  the  centimetre 
for  unit  length,  the  gramme  for  unit  mass,  and  the  second  for 
unit  time.  The  first  two  are  included  in  the  French  system  of 
measurement.  In  terms  of  these  units,  therefore,  Newton's  law 
may  otherwise  be  stated  in  these  words :  The  unit  force  is  that 
force  which,  acting  for  one  second  on  a  mass  of  one  gramme, 
produces  a  velocity  of  one  centimetre  per  second.  This  is  called 
one  DYNE,  and  the  system  of  measurement  based  on  these  units 
is  called  the  absolute  system. 

Hence,  we  define  the  unit  quantity  of  electricity  as  that 
quantity  which  will  exert  on  an  equal  quantity,  placed  one  centi- 
metre from  it,  the  force  of  one  dyne. 

The  unit  potential  is,  therefore,  the  potential  at  a  point  one 
centimetre  away  from  a  unit  charge,*  since 

r 

*  On  a  very  small  body. 
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These  electrical  units,  being  based  upon  the  unit  quantity 
of  electricity  and  the  force  exerted  by  two  units  at  a  unit  dis- 
tance apart,  are  called  electro-static  units.  We  can,  however, 
base  our  measurements  upon  the  unit  magnetic  pole,  defining 
the  unit  pole  in  the  same  way,  by  calhng  it  that  pole  which 
exerts  on  another  similar  pole  at  unit  distance  the  unit  force. 
This  system  of  units  is  called  the  electro-magnetic  system. 
Now,  it  is  found  in  practice  that  the  unit  current,  and  the  unit 
electro-motive  force,  and  the  unit  resistance,  when  founded  on 
the  so-called  absolute  units,  or,  better,  the  C,  G.,  S.  (meaning 
centimetre,  gramme,  second)  system,  are  either  too  small  or  too 
large  for  ordinary  use.  Electricians  have,  therefore,  adopted 
certain  multiples  or  submultiples  of  these  as  being  more  con- 
venient for  the  purposes  of  electrical  measurement;  and  we 
must  not  think  on  this  account  that  there  are  too  many  standards, 
nor  that  those  which  have  been  selected  finally  are  unnecessarily 
arbitrary.  The  value  of  any  system  of  units  is  dependent  upon 
the  extent  to  which  it  is  accepted  throughout  the  world,  and  by 
this  rule  the  value  of  the  absolute  system  is  great  indeed,  since 
it  is  the  only  system  used  to  express  scieidific  measurements. 
The  so-called  practical  units  adopted  by  electricians  everywhere, 
and  based  on  the  C,  G.,  S.  system,  are  now  universally  employed 
in  the  measurement  of  electrical  quantities.  Therefore,  a  current 
or  a  resistance,  when  measured  at  any  place,  is  directly  compar- 
able with  any  other  current  or  resistance  measured  at  some 
widely  different  place. 

As  stated,  in  the  electro-magnetic  system  of  units  the  quan- 
tities, current,  resistance,  potential,  etc.,  are  deducible  from  the 
laws  of  the  action  of  two  magnetic  poles  upon  each  other,  and 
of  the  action  of  a  current  of  electricity  on  a  magnetic  needle 
suspended  near  it.  From  these  two  laws,  and  the  application 
of  Ohm's  law,  given  on  page  32,  we  can  at  once  define  the 
units  referred  to.  Those  which  are  actually  used  in  practice  are, 
however,  given  in  the  following  table,  together  with  their 
relations  to  the  C,  G.,  S.  units :— 
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ELECTRO-MAGNETIC    SYSTEM. 
Name  of  Unit.  Eqviivaleut  in  C,  G.,  S.  Units. 

Resistance  (Ohm),  ....     1,000,000,000  =  lO^ 
Current  (Ampere), 
Electro-motive  force  (Yolt), 
Quantity  (Coulomb), 
Capacitj^  (Farad), 


V  =  10-1 


TO 

100j000,000  =  10-8 
J-  =10-1 

10  1" 
1 =    10-9 

Tooooooooo    '-^ 


These  practical  units  are  again  subdivided  for  convenience, 
and  new  values  are  used,  whose  relation  to  these  is  found  by 
multiplying  or  by  dividing  the  particular  unit  by  one  million. 
When  it  is  multiplied  the  term  mega  is  prefixed  to  the  unit 
to  express  this  fact,  and  when  divided  the  term  micro  is  used. 
Thus,  one  mega-ohm,  or  megohm,  as  it  is  written,  means 
1,000,000  ohms,  and  is  a  quantity  very  much  used  in  the  meas- 
urement of  high  resistances,  such  as  the  insulation  resistance  of 
wires  and  cables  covered  with  India-rubber  or  gutta-percha 
compounds,  etc. ;  that  is  to  say,  the  word  megohm  is  used  to 
express  the  resistance  of  comparative  non-conductors.  As  a 
rule,  however,  we  have  to  deal  with  resistances  much  less  than 
a  megohm,  so  that  they  can  usually  be  expressed  as  so  many 
ohms.  According  to  the  most  recent  determination  of  this  unit, 
an  ohm  is  the  resistance  of  a  column  of  pure  mercury  one 
square  millimetre  in  cross-section  and  106.25  centimetres  long, 
at  a  temperature  of  16°  C.  Some  practical  idea  of  the  value 
of  an  ohm  may  be  formed  from  the  statement  that  the  resistance 
of  a  pure  copper  wire  485  metres  long  and  1  millimetre  m 
diameter  is  almost  exactly  an  ohm. 

The  iniit  of  electro-motive  force,  the  volt,  is  seldom  used 
as  a  multiple  or  a  submultiple.  The  electro-motive  force  of  a 
Daniell  cell  in  good  order,  or  of  a  chloride  of  silver  element,  is 
almost  exactly  one  volt,  and  that  of  a  storage  cell  while 
discharging  is  about  twice  this. 

The  ampere,  the  practical  unit  of  current,  is  also  seldom 
subdivided,  except,  however,  in  medical  electricity,  where  the 
one-thousandth  of  an  ampere,  called  a  milliampere,  is  the  unit 
generally  adopted.     For  most  medical  work  an  ampere  would 


120       PRACTICAL   ELECTRICITY   IN   MEDICINE    AND    SURGERY. 

be  an  excessive  current,  except  in  the  employment  of  the  cautery, 
and  for  convenience  physicians  prefer  to  give  the  results  of  their 
measurements  in  terms  of  milliamperes,  and,  sometimes,  centi- 
amperes. 

Instead  of  the  term  "  farad,"  the  unit  of  capacity,  the  one- 
millionth  of  a  farad,  called  a  microfarad,  is  generally  employed, 
as  this  corresponds  more  nearly  with  the  capacity  of  those  con- 
densers, cables,  etc.,  which  are  in  practical  use.  Thus,  the 
capacity  of  most  submarine  cables  is  about  one- third  microfarad 
per  knot. 

The  coulomb  is  the  unit  quantity  of  electricity,  and  is  used 
in  voltameter  measurements,  and  electrolytic  work  in  general, 
where  we  have  to  express  the  quantity  of  electricity  which  has 
decomposed  a  given  weight  of  substance.  When  a  current  of 
one  ampere  flows  for  one  second  of  time,  the  quantity  of  elec- 
tricity which  has  passed  through  any  cross-section  of  the  circuit 
is  one  coulomb.  And,  in  general,  the  quantity  of  electricity 
which  has  passed,  expressed  in  coulombs,  is  found  by  multiply- 
ing the  current  expressed  in  amperes  by  the  time  in  seconds 
during  which  the  current  has  continued  to  flow. 

The  quantities,  ampere,  volt,  ohm,  are  all  deducible,  any 
one  when  two  others  are  given,  by  the  application  of  Ohm's  law. 
Thus,  if  in  a  circuit  whose  resistance  is  1  ohm  we  have  acting 
an  electro-motive  force  of  one  volt,  the  current  will  be 

^       one  volt 

V  = i —  =  one  ampere. 

one  ohm  ^ 

Or,  if  the  resistance  were  14,000  ohms,  and  the  electro- 
motive force  56  volts,  then  the  current  would  be  given  by  the 
equation 

56  volts  4 

^  =  14,000  ohms  =  1000  =  "^^^  '""^P^'^^' 

which  we  could  also  write 

4  milliamperes. 
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Again,  if  by  one  galvanometer,  or,  as  it  is  sometimes  called, 
milliamperemeter,  or,  still  more  shortly,  mil-ammeter,  we  find 
the  current  to  be  23  milliamperes,  and  also  know  that  the  elec- 
tro-motive force  of  the  battery  is,  say,  40  volts;  then  by  Ohm's 
law  we  can  find  the  resistance  of  the  entire  circuit  at  once 
from  the  equation  i?  =  J  ;  hence,  i?  =  40  -^  j^-  (-|^,  and  not 
simply  23,  because  the  current  is  expressed  in  milliamperes,  and 
not  in  amperes,  as  it  should  be  to  correspond  with  volts  and 
ohms).  Carrying  this  out,  we  have  ^  ^^^^^^  =  1739  ohms,  nearly, 
which  is,  therefore,  the  resistance  of  the  entire  circuit. 

Finally,  if  the  current  was  found  to  be  3  milliamperes,  and 
the  resistance  determined  to  be  24,000  ohms,  we  find  for  the 
electro-motive  force  acting  in  circuit,  by  the  equation  (Ohm's 
law)  E=CB:  ^  =  J^  X  24,000  =  72  volts  (writing  4  for 
the  same  reason  as  explained  above). 

The  unit  of  work  or  energy  is  called  the  "  Watt,"  and  is 
expressible  in  mechanical  units;  that  is,  in  terms  of  one  horse- 
power, by  the  relation :  746  watts  =  1  horse-power,  or  1  watt 
=  Y^Q  horse-power. 

Now,  as  we  know,  electrical  energy  is  measured  by  the 
product  of  current  and  electro-motive  force,  the  units  of  which 
are,  respectively,  the  ampere  and  the  volt.  Hence,  a  current  of 
one  ampere  flowing  under  a  difference  of  potential  of  one  volt 
is  giving  out  energy  at  the  rate  of  1  watt.  If  the  current 
had  been  10  amperes,  and  tbe  electro-motive  force  in  any  part  of 
the  circuit  had  been,  say,  60  volts,  the  rate  of  expenditure  of 
energy  would  have  been  60  X  10  =  600  watts,  which  is  equiva- 
lent to  |-||  =  .804  horse-power,  or  approximately  j\  of  one 
horse-power.  This  is  about  the  rate  of  consumption  of  power 
in  the  ordinary  electric  light  (arc-lamp)  used  in  the  streets  of 
our  cities.  The  incandescent  lamp  of  about  sixteen  candle-power 
requires  something  like  one-half  to  three-quarters  of  an  ampere, 
and  usually  an  electro-motive  force  of  110  volts.  In  practice 
from  ten  to  fourteen  of  these  lamps  are  regarded  as  equivalent 
to  one  horse-power. 
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Thermo-Electricity. — It  has  long  been  known  that  two  metals, 
when  jomed  so  as  to  form  a  complete  drcuit,  the  two  junctions 
being  at  different  temperatures,  have  an  electro-motive  force  set 
up  at  one  of  the  junctions,  so  that  an  electric  current  flows  in 
the  circuit.  Thus,  in  Fig.  105,  if  A  represents  a  bent  rod  of 
one  metal  and  B  a  similar  rod  of  another  metal,  and  if  either 
junction  Ji  or  J^  is  heated,  the  other  being  kept  cool,  a  current 
will  flow  in  the  circuit  so  made  up,  and  its  direction  will  be 
determined  by  the  nature  of  the  metals  and  their  mean  tempera- 
ture. Two  metals,  arranged  as  in  the  figure,  constitute  what  is 
known  as  a  thermo-electric  cell.  Currents  produced  in  this  way 
are  called  thermo-electric  currents,  and  the  electro-motive  force 
upon  which  such  currents  depend  is  itself,  as  just  stated,  de- 
pendent upon  the  nature  of  the  metals  em- 
ployed, upon  the  mean  temperature  of  the  two 
metals,  and  upon  the  difference  in  the  tem- 
perature of  their  junctions. 

According  to  the  direction  in  which  the 
current  flows  across  the  hot  junction  of  the 
different  metals,  the  latter  are  divided  into 
two  groups.  If,  in  Fig.  105,  we  suppose  the 
current  to  flow  from  AtoB  across  the  junction 
Ji  this  being  the  hot  junction,  then  the  metal  A  is  said  to  be 
thermo-electrically  positive  to  B.  Or,  we  can  state  that  B  is 
thermo-electrically  negative  to  A.  That  is  to  say,  one  metal 
is  thermo-electrically  positive  to  another  if  across  the  hot 
junction  the  direction  of  the  current  is  from  this  one  to  the 
other.  The  two  states  are,  however,  merely  relative,  and  a 
metal  which  is  thermo-electrically  positive  to  another  given 
metal  may,  under  different  circumstances,  become  itself  negative 
to  the  same  metal. 

We  can,  however,  arrange  a  large  number  of  metals  in  a 
series,  which,  for  any  mean  temperature,  will  show  their  relation 
to  each  other,  and  in  which  each  metal  is  thermo-electrically 
positive  to  those  following  in  order. 


Fig.  105. 
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In  the  construction  of  these  tables  it  is  usual  to  employ 
some  metal  as  a  standard  of  reference,  and  to  determine  in  arbi- 
trary units  the  values  of  the  electro-motive  force,  or  the  thermo- 
electric power,  as  we  may  call  it,  of  other  metals,  at  some  fixed 
temperature,  to  this  one. 

The  following  table  is  based  uponMatthiessen's  experiments, 
and  the  numbers  express,  approximately,  the  electro-motive  force 
in  microvolts  (y-o  o^^o^-q-o  "v^olts)  per  degree  centigrade  of  the 
different  elements  taken  with  respect  to  lead : — 


MEAN   TEMPERATURE 

Bismutli  (pressed), 

Cobalt,  . 

Lead, 

Tin, 

Commercial  copper, 

Antimony  (pressed). 

Silver  (pure). 

Antimony  (crj-stals), 

Selenium, 


20^ 


+ 


97. 

22. 

0. 


—  0.1 

—  0.1 

—  2.8 

—  3. 

—  24.5 

—  807. 


These  numbers  are,  however,  by  no  means  constant,  but 
change  with  the  mean  temperature  of  the  metals. 

Thermo-electric  currents  have  been  practically  applied  so 
far  only  as  a  means  of  showing  small  differences  of  temperature, 
and  for  this  purpose  a  thermo-electric  cell  is  an  extremely  useful 
arrangement.  It  is  at  once  evident  that,  instead  of  employing  a 
single  cell,  composed  of  two  metals  (antimony  and  bismuth  are 
the  metals  universally  used),  we  could,  as  in  the  case  of  the 
galvanic  battery,  join  up  any  number  of  such  elements  end  to 
end,  and  form  thus  a  thermo-electric  battery  (Fig.  106),  where 
A,  A,  A  are  the  antimony  strips  and  B,  B,  B  the  bismuth.  In 
this  way  we  can  add  the  electro-motive  forces  due  to  all  the 
pairs  and  make  it  as  great  as  we  please.  The  metals  are 
arranged  as  shown  in  the  figure,  a  number  of  small  rods  of  anti- 
mony and  bismuth  being  joined  with  their  bent  ends,  and  several 
rows  of  these  placed  in  a  square  frame,  one  over  the  other. 
The  junctions  at  one  side  of  the  frame  are  exposed  to  the  source 
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of  heat,  and  the  two  ends  of  the  series  of  rods  at  the  other  side 
of  the  frame  are  fastened  to  copper  wires  leading  to  a  galva- 
nometer (Fig.  107).  Under 
these  circumstances,  even  when 
the   source  of  heat  is  compara- 


jtP^^ 


'> 


^^. 


■[ 


fcr 


1^ 


< 

Fig.  106. 


Fig.  107.  —  Thermo-electrical    Ap- 
paratus (Thermopile.) 


tively  far  removed, — so  far,  indeed,  as  to  leave  a  sensitive 
thermometer  entirely  unaffected, — the  galvanometer,  if  a  proper 
one  is  used,  will  give  an  appreciable  deflection  and  show 
clearly   that   the  junctions    have   become 


Fig.  108.— Electric  Motor. 


Fig.  109.— Electric  Motor. 


warmed.     These  currents  are  generally  small,  but,  by  using 
thick  and  short  rods  of  antimony  and  bismuth,  and  by  employ- 
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ing  many  elements,  currents  of  considerable  magnitude  can  be 
obtained,  because  in  this  case  the  internal  resistance  of  the 
thermo-electric  battery  would  be  considembly  reduced. 

Motors  and  Dynamos. — We  have  already  given  the  general 
theory  of  the  dynamo-electric  machine  (Figs.  108  and  109)  on 
page  82,  on  which  was  explained  the  production  of  electro- 
motive force  by  the  movement  of  a  conductor  in  a  magnetic 
field.  It  was  there  shown  that  if  we  move  a  wire  near  a  mag- 
net, or  move  a  magnet  near  a  wire,  an  electro-motive  force  will 

be  established  between  the  ends  of 
the  wire,  tending  to  urge  a  current 
along  it.  It  was  further  shown  that 
the  direction  of  the  electro-motive 
force  acting  depended  upon  the  rela- 
tive direction  of  the  magnetic  field, 
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and  that  its  value  was  dependent  both  upon  the  velocity  of 
motion  across  the  field  and  the  strength  of  the  field. 

Upon  these  few  and  easily  demonstrable  facts  the  action  of 
all  dynamo  machines  and  electric  motors  is  based,  and  the  com- 
plexity of  some  of  them  is  brought  about  simply  by  the  various 
demands  of  practice  and  the  observance  of  details.  We  have, 
then,  first  to  consider  in  every  dynamo  or  motor  the  magnets 
MM  (Fig.  110),  which  are  either  permanent  or  temporary,  ^.e., 
electro-magnets,  and,  secondly,  the  armature,  J.,  which  consists 
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of  a  coil  of  copper  wire  wound  over  a  core  of  soft  iron.  The 
ends  of  the  magnet  between  which  the  armature  rotates  are 
called  its  poles,  P  P(Fig.  110),  and  the  aim  is  so  to  construct 
the  magnets  that  the  magnetic  field  in  which  the  armature 
moves  shall,  under  given  conditions,  be  as  strong  as  possible. 
C,  G,  G,  G  (Fig.  110)  represent  the  coils  of  wire — "magnetizing 
coils  " — around  the  magnet. 

The  armature  consists  of  a  number  of  soft-iron  washers  or 
disks  (Fig.  112)  covered  with  paper  on  one  side  and  threaded  on 


Fig.  112.— Siemens'  Armature. 

a  steel  rod,  which  forms  the  axle  of  the  armature  and  moves  in 
bearings  at  its  ends.  The  washers,  after  being  threaded  on  the 
rod,  are  pressed  together  and  kept  in  place  by  means  of  two 
screws  at  the  ends ;  occasionally  they  are  shrimh  on  the  shaft  or 
axle.  An  armature  of  this  kind  is  known  as  the  Siemens'  arma- 
ture, and  is,  perhaps,  the  most  generally  used  at  present. 


Fig.  113.— Gramme  Armature. 


Another  style  of  armature,  called  the  Gramme  ring  (Fig. 
113),  is  made  of  similar  disks,  or  often  wire,  but  with  a  larger 
opening  in  the  centre,  and  the  disks  are  afterward  held  to  the 
axle  by  means  of  wedges,  generally  of  wood. 

In  both  cases  this  iron  framework  is  wound  with  insulated 
wire, — in   the   Siemens'   armature   longitudinally,  and   in   the 
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Gramme  form  around  the  ring,  part  of  the  wire  being  thus  inside 
and  part  outside,  i.e.,  external.  This  will  be  understood  from 
the  figure  (113),  in  which  is  shown  a  Gramme  armature  cut 
through  so  as  to  make  clear  its  structure. 

In  order  to  lead  the  current  from  the  armature  and  to 
reverse  its  direction  at  the  proper  time  *  the  ends  of  the  separate 
turns  of  wire  are  brought  to  a  contrivance  on  the  end  of  the 
axle  called  the  commutator,  marked  C  in  Fig.  114.  The  com- 
mutator is  made  up  of  bars  of  copper  like  the  spokes  of  a  wheel, 
but  not  touching  at  any  point,  each  bar  or  "  segment,"  as  it  is 
called,  being  insulated  from  its  two  adjacent  neighbors.  At 
two  diametrically  opposite  points  on  the  commutator,  and  press- 
ing against  it,  are  metal  strips  technically  called  "  brushes,"  B  B 

(Fig.  114),  which  serve  the  pur- 
pose of  leading  the  current  to  or 
from  the  armature  (according  as 
the  machine  is  used  as  a  motor  or 
dynamo)  as  it  revolves  around. 


Fia.  ns.— Armattjke  Revolving,  showing  Lines  of  Force. 

As  the  armature  consists  of  a  mass  of  soft  iron,  around  which 
circulates  an  electric  current,  we  should  expect  it  would  become 
magnetized  during  passage  of  the  current.  This  is  really  the  case, 
and  the  current  flows  in  such  a  direction  that  the  poles  of  the  ar- 
mature are  continually  at  right  angles,  or  nearly  at  right  angles, 
to  the  poles  of  the  magnets  themselves  (Fig.  115).  This  is  accom- 
plished by  the  aid  of  the  commutator,  by  means  of  which  the 
direction  of  the  current  in  the  separate  wires  of  the  armature  is 

*  "When  a  particular  wire  of  tlie  armature  passes  the  north  pole  of  the  magnet,  it  has  an 
electro-motive  force  acting  in  one  direction  ;  when  it  passes  the  south  pole  the  electro-motive 
force  acts  in  the  opposite  direction.  The  commutator  enables  the  electro-motive  forces  thus 
produced  to  act  all  in  one  direction,  so  that  the  current  derivable  from  such  a  machine,  instead 
of  being  first  in  one  direction  and  then  in  the  opposite,  is  always  flowing  the  same  way. 
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changed  every  time  the  corresponding  segment  of  the  commu- 
tator passes  the  brush.  In  this  way  the  armature  '*  core  "  is 
magnetized,  so  that  its  poles  point  up  and  down, — say,  the  north 
pole  being  uppermost.  Now,  since  the  field-magnets  have  their 
poles  pointing  sideways,  the  north  pole,  let  us  suppose,  being  to 
the  left,  there  is  a  continual  tendency  for  the  armature  to 
revolve,  owing  to  the  mutual  action  of  the  poles  on  each  other. 
This  is  the  mode  of  action  of  the  electric  motor.  In  the  case 
of  the  dynamo  we  have  only  to  remember  that,  when  the  arma- 
ture moves,  its  wires  cut  across  the  lines  of  force  which  go  from 
one  pole  of  the  magnet  to  the  other,  and  hence  must  have  an 
electro-motive  force  established  in  them. 

In  the  dynamo  the  armature  is  made  to  revolve  by  the 
expenditure  of  mechanical  ivorlc^  and  in  the  motor  the  armature 
is  made  to  revolve  by  the  expenditure  of  electrical  ivorlc. 

In  nearly  all  motors  and  dynamos  used  to-day  the  employ- 
ment of  permanent  magnets  has  been  abandoned,  for  the  reason 
that  the  magnetism  of  such  magnets  cannot  be  very  intense,  and 
hence  the  machines  not  very  powerful.  Furthermore,  all  per- 
manent magnets,  as  stated  before,  gradually  lose  their  magnetism, 
and,  though  they  become  more  stable  after  long-continued  use, 
they  can  never  be  said  to  be  constant. 

When  electro-magnets  are  employed  to  produce  the  mag- 
netic fields  of  motors  and  dynamos,  the  magnetizing  current  is 
led  off  from  the  armature,  where  it  is  produced,  in  one  of  two 
ways.  In  one  method  the  armature,  the  field-coils,  and  the  ex- 
ternal circuit  (where  the  current  is  used)  are  all  in  one  contin- 
uous circuit.  They  are,  in  fact,  in  series,  and  the  dynamo  is 
called  a  series  dynamo  (Fig.  116),  Avhere  V^  represents  the 
armature,  V  the  wire  around  the  magnets,  and  R  the  external 
resistance.  In  the  other  method  the  external  circuit  and  the 
field-coils  are  in  multiple  arc,  or  in  shunt  relation,  and  the 
dynamo  is  then  called  a  shunt  dynamo  (Fig.  117).  In  the  first 
case  (Fig.  116)  the  current  flows  out  from  the  armature  (F^), 
through  the  field-coils  (F),  through  the  external  circuit  (^), 
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back  to  the  armature.  In  the  second  case  (Fig.  117)  the  cur- 
rent flows  out  from  the  armature  (  F^),  part  gomg  then  through 
the  field-coils  (T^)  and  part  through  the  external  circuit  (R), 
afterward  uniting  and  flowing  back  through  the  armature. 
Shunt  motors  and  dynamos  receive  often  the  name  constant 
potential  machines,  because,  when  they  are  properly  made,  such 
machines,  used  as  dynamos,  give  at  constant  speed  a  constant 
electro-motive  ft)rce,  and  when  used  as  motors  and  supplied  with 
current  at  constant  potential, — as,  fox  mstance,  when  joined 
to  a  number  of  storage  cells, — run  at  a  constant  speed,  no  matter 
what  work  they  may  be  doing.     It  is  scarcely  necessary  to  pomt 


Fig.  116. 


out  that  most  forms  of  motive  apparatus  tend  to  run  slower  when 
doing  heavy  work  than  when  doing  hght  work,  and  very  often 
such  irregularity  in  speed  is  exceedingly  objectionable.  The 
extent  to  which  this  is  overcome  in  electric  motors  is  shown  by 
the  fact  that  many  shunt  motors,  in  general  use,  are  so  well  con- 
structed that  their  change  in  speed  between  full  load  and  no 
load  at  all  amounts  to  only  a  few  per  cent. 

The  armature  axle  is  provided  at  one  end  with  a  pulley, 
which,  by  means  of  a  belt  or  other  suitable  couphng,  transmits 
the  power  to  or  from  the  armature,  according  as  the  machine  is 
usf^d  as  a  dynamo  or  as  a  motor.  The  pulley  of  the  motor 
must  be  chosen  of  such  a  size,  relatively  to  that  of  the  apparatus 
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to  be  driven,  that  the  speed  of  the  latter  shall  be  what  is 
desired.  Many  motors  are  fitted  with  controlling  devices  and 
regulating  attachments,  so  that  the  speed  may  be  varied  at  will 
between  limits  of  a  considerable  range.  This  is  sometimes  a 
very  essential  feature. 

The  capacity  of  motors  and  dynamos  is  rated  in  horse-power 
units,  and  machines  are  now  made  by  various  manufacturing 
companies  whose  capacity  varies  from  less  than  -^^  of  a  horse- 
power to  100  or  more  horse-power.  It  is  thus  possible  to  select 
a  motor  of  such  a  size  that  it  can  be  used  for  almost  any  variety 
of  mechanical  work. 

The  question  of  supplying  motors  with  current  is  a  very 
important  one,  and  the  subject  has,  within  the  last  few  years, 
received  much  attention.  Many  attempts  have  been  made  to 
employ  primary  batteries  for  the  work,  but  so  far  with  very 
doubtful  success,  even  under  the  most  favorable  conditions.  If 
batteries  have  to  be  used,  there  can  be  no  doubt  of  the  great 
superiority  of  the  storage  battery.  The  only  serious  objection 
which  can  be  raised  to  these  is  their  weight,  which  amounts  to 
approximately  six  hundred  pounds  per  horse-power.  Portable 
storage  batteries  are,  however,  now  manufactured  which  are 
capable  of  driving  small  motors,  and  which  have  been  found 
quite  satisfactory. 

In  some  cases  the  electric-light  current  is  available,  either 
from  a  central  station  or  from  some  neighboring  plant,  and  under 
these  circumstances  motors  may  be  supplied  with  current  with- 
out any  difficulty.  It  is  altogether  immaterial  what  particular 
system  of  electric  distribution  may  be  adopted  at  the  station,  since 
motors  may  be  constructed  in  such  a  way  that  they  can  be 
joined  to  any  circuit  whatever.  But,  it  must  be  added,  the  motor 
will  have  to  be  built  in  accordance  with  the  conditions  under 
which  it  will  be  supplied  with  current. 

Resistance  Coils,  Rfieostats,  etc. — Resistance  coils,  sometimes 
called  rheostats,  rheotomes,  etc.,  are  made  in  great  variety  of 
form,  according  to  the  special  purposes  for  which  they  are  in- 
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tended,  but   they  are   nearly  always  constructed  so  that   the 
resistance  in  circuit  may  be  varied  at  will  between  certain  limits. 


Fig.  118.— Resistance  Coils. 


In  some  forms  this  can  be  done  by  a  continuous  variation,  but 
usually  the  resistance  must  be  changed  by  steps;  that  is,  the 
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Fig.  119. 


resistance  must  be  changed  one  or  more  ohms  at  a  time.     A 
resistance  box  of  the  latter  kind  is  that  shown  in  Fig.  118.     It 
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consists  of  a  rectangular  box  with  a  hard-rubber  top,  having 
inside  a  number  of  spools  of  German-silver  wire  connected 
through  the  top  with  brass  pieces  of  appropriate  shape.  The 
brass  pieces  {A  A)  are  of  the  form  shown  in  Fig.  119;  they  are 
placed  close  together,  and  contact  from  one  to  the  other  is  made 
by  inserting  plugs  (B)  into  half-rounded  cavities  between  them. 
The  coils  of  wire  forming  the  various  resistances  are  joined  one 
end  to  one  block,  and  the  other  end  to  the  next  adjacent  block, 
thus  bridging  across  from  one  block  to  the  other.  In  winding 
the  coils  it  is  usual  to  double  the  wire — which  is  always  covered 
with  some  good  insulating  material — so  that  it  is  wound  back 
on  itself  That  is  to  say,  half  the  reel  or  spool  is  wound  in  one 
direction,  and  half  in  the  opposite,  the  object  of  this  being  to 
reduce  the  self-induction  (page  87)  as  much  as  possible.  The 
number  of  coils  of  wire,  as  well  as  the  value  of  their  resistance, 
is  generally  such  that  any  resistance  from  one  ohm  to  one  thou- 
sand or  more  can  be  thrown  in  circuit. 
Some  boxes  have  coils  with  resistances 
from  one  to  ten  thousand  ohms.  In 
using  these  boxes  the  circuit  wires  are 
joined  to  the  binding-posts  with  which 
the  resistance  boxes  are  provided,  and 
the  resistance  is  varied  by  removing 
^  j,^^  J20  ^^  inserting  plugs  between  the  various 

blocks.  When  any  plug  is  removed 
the  current  must  flow  through  the  particular  resistance  between 
the  two  blocks  to  which  the  plug  belongs,  and  when  the  plug 
is  inserted  the  resistance  is  practically  out  of  circuit,  so  that 
the  current  flows  directly  across  from  block  to  block.  In  most 
of  these  boxes  two  of  the  blocks  have  no  wire  resistance  between 
them ;  hence,  when  the  plug  between  these  two  is  removed,  the 
resistance  becomes  infinitely  great,  and  the  current  stops.  This 
interval  is  marked  inf.  (=  infinity). 

A  very  similar  form  of  resistance  box  is  that  indicated  in 
Fig.  120..    Here,  instead  of  having  plugs  to  remove  and  insert, 
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there  is  a  movable,  metallic  lever,  which  makes  contact  with 
a  number  of  buttons  between  which  are  joined  resistance  coils 
of  any  desired  value.  The  terminals  to  which  the  circuit  wires 
are  attached  are  marked  7j  and  T^.  Of  these,  7}  leads  directly 
to  the  last  button  of  the  series  of  resistances,  and  T^  to  the 
axis  of  the  lever.  By  moving  the  lever  in  one  direction  or 
the  other  we  can  make  the  current  flow  through  as  many  of  the 


Fig.  121. 


Fig.  123. 


resistances,  i\  i\  etc.,  as  we  please,  and  break  the  current 
entirely  by  moving  the  lever  to  a  position  between  any  of  the 
buttons.  If  the  lever  is  allowed  to  rest  on  the  button  B^  all 
the  resistances  are  thrown  out  of  circuit,  and  the  current  flows 
from  T^^  say,  to  A,  through  the  lever-arm  to  B^  to  T^  directly. 

A  resistance  apparatus  in  which  the  changes  are  continuous 
is  that  known  as  the  water-rheostat  (Figs.  121  and  122),  the  prin- 
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ciple  of  which  depends  upon  a  change  in  the  sectional  area  of  a 
liquid  through  which  the  current  flows.  Two  metalhc  plates 
(Fig.  123),  A  and  B,  are  immersed  in  water  and  joined  by  a  wire; 
another  plate,  C\  is  capable  of  moving  up  and  down  between  the 
plates  A  and  B.  To  the  latter  is  joined  one  circuit  wire,  and  to 
the  two  plates  A  and  B  the  other  circuit  wire.  When  the  plate 
(7  is  pushed  downward  as  far  as  it  will  allow,  the  surface  of 
water  through  which  the  current  passes  is  as  great  as  possible, 
the  resistance  has  its  minimum  value,  and  the  current  its 
maximum.  As  G  is  moved  upward  the  resistance  continually 
increases,  since  the  area  becomes  less  and  less,  until  finally, 
when  it  is  moved  above  the  level  of  the  water,  the  current 
ceases  altogether.  The  objection  to  rheostats  of  this  kind  is  the 
polarization,  which  is  sometimes  excessive. 

Switches. — It  is  often  necessary,  when  experimenting  with 
the  electric  cuiTent,  to  be  able  to  make  and  break  the  circuit 
rapidly  and  whenever  desired.  To  do  this  it  is  usual  to  insert 
into  that  part  of  the  circuit  which  has  to  be  thus  changed  an 

apparatus  called  a  switch  or  con- 
tact-key. In  its  simplest  form 
this  is  only  a  spring,  S  (Fig. 
124),  furnished  with  a  knob,  B, 
pj^  J24  0^6     ^^^   0^    ^^6     spring     being 

permanently  connected  with  the 
circuit  wire,  D,  the  other  making  contact,  and  thus  completing 
the  circuit  only  when  pressed  down  on  the  terminal  of  the  wire, 
C.  The  spring  is  fastened  to  a  board  as  a  base,  and  the  two 
circuit  wires  pass  through  holes  in  this,  to  the  top.  In  the  posi- 
tion shown,  the  current  cannot  flow  because  the  circuit  is  broken 
between  the  spring  and  the  point,  D'.  These  keys  are  often  pro- 
vided with  another  spring-catch  which  keeps  the  main  spring 
in  contact  with  D',  until  it  is  desired  to  release  it. 

In  order  to  be  able  to  reverse  the  direction  of  the  current 
without  changing  the  connection  of  the  wire  with  the  battery 
or  other  source  of  electricity,  there  is  inserted  in  the  circuit  what 
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is  known  as  a  "  reversing  key,"  or  "commutator"  (Fig.  125),  in 
which  by  moving  a  hinged  arm  we  can  change  the  direction  of  the 
current  at  pleasure.  The  general  principle  of  a  key  of  this  kind  is 
shown  diagramatically  in  the  figure.  Here,  the  main  wires  are 
joined  to  the  points  A  and  J3.  These  points  can  be  connected  to 
the  points  F,  (r,  II,  JTby  the  metallic  arms  G  and  D,  which  are 
rigidly  joined  by  an  insulating  connecting  piece  provided  with  a 
knob,  E.  The  points  F,  G,  II,  K  are  joined  by  wires,  as  shown, 
with  two  other  points,  the  latter,  L  and  M,  being  places  of  attach- 
ment for  the  circuit  wires.  L  is  connected  with  F  and  /r,*  and 
Jf  is  joined  to  G  and  H.     When  the  pieces  Cand  D  are  pushed 
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to  the  left  the  current  flows  out  from  L  through  the  circuit  and 
in  through  M.  When  the  lever  is  pushed  to  the  right  the  cur- 
rent flows  out  from  M  through  the  circuit  and  in  through  L  ; 
that  is,  the  direction  of  the  current  is  reversed.  Generally  these 
reversing  keys  are  constructed  as  exhibited  in  Fig.  126.  The 
connections  are  as  shown,  and  the  only  difference  between  this 

*  "When  two  wires  cross  each  other,  without  touching,  the  drawing  is  usually  made  in  this 
way :  -^ ,  and  the  wire  having  the  loop  is  supposed  to  be  above  the  other. 
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and  the  one  in  Fig.  125  is  in  the  use  of  three  points,  E^ 
F,  G,  instead  of  four ;  the  points  E  and  G  being  connected 
together  by  a  wire.  The  contact  levers  are,  however,  as  before, 
moved  to  the  right  or  to  the  left,  according  as  the  current  is  to 
be  sent  in  one  direction  or  the  other. 

A  very  useful  form  of  reversing  key  is  that  known  as  the 
"rocking  commutator"  (Fig.  127).  This  consists  of  a  rectangular 
frame  of  insulating  material,  having  six  cavities  hollowed  out 
along  its  edges,  these  cavities  (metaUic  cups  are  often  employed) 
being  filled  with  mercury.  To  the  two  centre  cups  are  attached 
the  battery  wires,  and  to  the  end  cups,  as  shown,  the  wires  of 
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the  circuit.  Into  the  cups  are  fitted  two  pieces  of  wire  on  each 
side,  one  being  bent  into  a  half  circle,  F^  and  joined  at  its  centre 
with  a  straight  piece,  E.  The  wires  are  connected  by  an  insu- 
lating rod,  D.  The  wires  can  be  pushed  from  one  side  to  the 
other,  and  thus  caused  to  "rock"  on  the  centre  piece,  E.  In 
this  way  the  centre  piece  always  remains  in  its  own  mercury 
cup,  but  the  end  pieces  alternately  make  and  break  contact 
with  their  cups  when  the  "  rocker,"  as  we  may  term  it,  is  moved 
from  one  side  to  the  other.  The  mercury  cups  are  connected 
together  crosswise,  as  shown,  K^  with  /t^^  and  K^  with  K^  By 
moving  the  rocker  from  one  side  to  the  other,  the  current  in 
the  circuit,  X,  M,  is  reversed.     In  the  position  shown  in  Fig. 
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127,  the  current  flows  as  follows:  In  GtoK^to  K^  to  K^  out 
M ;  in  at  L  to  K^  to  Kq  to  K^  out  at  Ci  to  the  battery.  If  the 
key  w^ere  pushed  over  on  the  other  side  the  direction  would  be 
as  follows :  In  at  C  to  K^  to  K^  out  at  L  ;  in  at  ilf  to  ^  to  K^^ 
out  at  Ci^  to  battery. 

Still  another  form  of  reversing  key  is  shown  in  Fig  129. 
This  is  known  as  the  "  double-plug  key."  In  this  key  there  are 
four  brass  quadrants  fastened  close  together  (but  not  touching) 
on  a  hard-rubber  or  other  insulating  block.  Each  quadrant  is 
provided  with  a  binding-screw,  h  (Fig.  128),  to  which  the  cir- 
cuit wires  are  attached,  and  with  two  circular  grooves  on  its  sides. 


Ka.  j-#;t^^^^^^ 


Fig.  130. 


The  grooves  are  opposite  each  other  and  form  in  pairs,  orifices, 
into  which  can  be  fitted  the  keys  or  plugs,  K.  The  plugs  have 
a  handle  of  hard  rubber,  and  when  in  place  make  contact  be- 
tween the  quadrants.  The  wires  of  the  circuit  are  joined  to  the 
quadrants  diagonally,  and  the  direction  of  the  current  is  reversed 
by  moving  the  plugs  from  between  one  set  of  quadrants  to  the 
other ;  rather  less  conveniently  than  in  some  other  forms  of  key. 
Combinational  Keys. — It  is  often  very  convenient  to  have  an 
arrangement  by  which  it  is  possible,  on  moving  a  switch,  to  send 
through  the  circuit  in  use,  either  a  continuous  or  an  alternating 
current,  i.e.,  a  "  galvanic"  or  "faradic"  current.  A  plan  showing 
the  contacts  and  wiring  of  such  an  arrangement  is  given  in  Fig. 
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130.  Here  B  is  the  battery  or  source  ot  the  galvanic  current,  O 
is  the  induction  coil  furnishing  the  faradic  current,  and  Ki  and  K^ 
are  switches  of  the  kind  already  described  in  Fig.  126.  The 
numbers  from  1  to  10  represent  the  metallic  contacts  or  binding- 
posts  to  which  the  different  wires  are  attached.  To  the  screws 
1  and  2  are  attached  the  faradic-current  wires,  and  to  9  and 
10  are  joined  the  battery  wires,  while  the  circuit  wires  are  joined 
to  G  and  D.  The  points  are  connected  permanently  by  wires 
in  the  following  way :  1  to  4  to  7 ;  2  to  3 ;  6  to  8  to  5 ;  9  to 
B  and  10  to  A.  With  the  key  Ki  in  the  middle  position  the 
galvanic  current  is  broken ;  if  then  K^  is  pushed  to  the  left  the 
faradic  current  flows  through  the  main  circuit.     When  K^  is 
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pushed  over  to  the  right  and  K^  to  either  side  the  galvanic 
current  is  available,  and  is  reversed  by  simply  moving  K^  from 
one  side  to  the  other. 

Glow  Lamps. — For  purposes  of  illumination,  in  medical  and 
surgical  practice,  there  are  many  advantages  afforded  by  the 
electric  lamp.  In  medical  work  and  generally,  when  there 
is  needed  a  light  of  something  like  one  or  two  candle-power, 
small  electric  lamps  requiring  an  electro-motive  force  of  about 
four  volts  and  a  current  of  perhaps  one  ampere  are  found  very 
useful.  These  lamps  consist  of  a  glass  bulb  (Fig.  131),  ex- 
hausted very  completely  of  air,  containing  within  it  a  thin  strip 
of  carbon,  which  is  attached  by  means  of  platinum  wires,  blown 
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into  the  glass,  with  two  electrodes.  The. electrodes  are  joined, 
when  the  lamp  is  in  use,  with  the  terminals  of  a  sufficiently 
powerful  battery,  and  the  connecting  wires  are  generally  pro- 
\ided  with  a  key  of  some  kind  so  that  the  circuit  can  be  opened 
or  closed  at  pleasure.  When  the  circuit  is  closed  the  current 
flows  through  the  lamp  connections,  and  in  passing  through  the 
carbon  filament  heats  it  to  such  a  degree  as  to  raise  it  to  a  state 
of  incandescence.  Consumption  of  the  carbon  filament  is  ren- 
dered impossible  by  the  great  rarity  of  air,  and  hence  of  oxygen, 
in  the  glass  bulb.  These  lamps,  generally  known  as  "  incandes- 
cent lamps,^''  are  so  manufactured  that  they  can  be  used  with  any 
desired  number  of  storage  cells,  from  two  upward.  For  surgi- 
cal purposes,  however,  lamps  requiring  about  two  cells,  ^.e.,  four 
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volts,  are  perhaps  the  most  suitable ;  they  are  quite  small  and 
can  be  employed  for  illuminating  the  cavities  of  the  human 
body. 

Telephone. — Quite  recently  instruments  closely  allied  in 
their  structure  with  the  now  well-known  telephone  have  been 
introduced  into  medical  practice.  In  order,  however,  to  make 
clear  their  general  plan  and  the  electrical  principles  involved  in 
their  working,  it  will  not  be  necessary  to  do  more  than  describe 
very  simply  the  main  features  of  the  ordinary  telephone,  in  almost 
universal  employment  to-day. 

The  action  of  the  telephone  depends  upon  the  magnetic 
changes  which  take  place  in  a  piece  of  magnetized  iron  when 
a  magnetic  body — such  as  an  iron  plate— is  caused  to  move  or 
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vibrate  near  it.  The  vibration  of  the  iron  plate  causes  simulta- 
neous disturbances  of  the  magnetism  of  the  magnetized  body, 
and  these  disturbances  have  the  effect  of  establishing  electric 
currents  in  a  coil  of  wire  wound  about  the  latter.  The  currents 
are  led,  by  copper  wires,  to  a  perfectly  similar  arrangement  in 
which  the  same  changes,  but  in  a  reverse  order,  take  place. 
Thus,  in  Fig.  132,  let  A  represent  an  iron  plate  of  circular  form 
supposed  fastened  rigidly  along  its  circumference.  Let  B  rep- 
resent an  iron  bar,  wound  over  one  end  with  a  coil  of  wire,  O. 
Now,  suppose  the  bar  is  magnetized  by  the  action  of  the  coil,  C, 
and  let  us  suppose  the  plate,  A,  or  a  diaphragm,  as  it  is  gener- 
ally called,  to  move  either  inward  or  outward.  The  result  will 
be  that  the  magnetism  of  the  bar,  B,  will  undergo  a  change ; 
liiies  of  force  will  cut  across  the  wires  of  the  coil,  C  (in  one  di- 
rection or  the  other  according  to  the  direction  of  movement  of 
the  diaphragm),  and  hence  set  up  new  electro-motive  forces  in 
the  coil  itself  Thus,  the  magnetizing  current  which  we  have 
supposed  to  circulate  in  the  coil,  G,  will  be  increased  or  dimin- 
ished, and  if  we  now  imagine  these  currents  to  be  led  around 
another  bar  of  iron  with  a  diaphragm  in  front  of  it,  like  the 
former,  the  diaphragm  will  be  attracted  or  repelled  by  the  bar  and 
will  thus  vibrate  in  complete  accordance  with  the  vibrations  of 
first  plate.  In  the  telephone  the  diaphragm  is  set  in  vibration 
by  the  voice  ;  the  sound-waves  impinging  against  it  set  it  into 
corresponding  movement. 

We  have,  then,  these  series  of  changes  in  the  telephone : 
First,  the  vibrations  of  the  air  and  diaphragm ;  second,  mag- 
netic changes  ;  third,  increase  or  diminution  of  a  current;  fourth, 
a  variable  current  in  the  line  or  connecting  wires,  L  M;  fifth, 
magnetic  changes  again;  sixth,  vibrations  of  another  diaphragm, 
and,  finally,  the  production  of  sound-waves.  In  practice  one 
apparatus  is  called  the  transmitter  and  the  other  the  receiver, 
the  transmitter  being  the  apparatus  spoken  to  and  the  receiver 
the  one  placed  before  the  ear. 

Microphone. — Closely  related  to  the  telephone  is  the  mech- 
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aiiism  known  as  the  micro])7io)ie,  an  apparatus  wliich  is  used  to 
increase  the  intensity  of  sound.  Such  a  result  is  produced  by 
the  action  of  two  points  in  a  circuit  through  which  a  current  is 
flowing,  the  electrical  resistance  between  which  is  varied  by  the 
changing  pressure  existing  between  the  points.  The  points  are, 
m  general,  made  of  hard  carbon,  because  then,  small  changes  of 
pressure  cause  considerable  changes  of  electrical  resistance.  In 
Fig.  133  is  shown  one  form  of  microphone.  Pis  a  carbon  pencil 
touching  shghtly  two  carbon  blocks,  Ci^  €2^  above  and  below. 
The  blocks  have  cavities  hollowed  out  of  them,  into  which  the 
ends  of  the  pencil  project.  The  blocks  are  fastened  to  a  frame, 
and  the  whole  is  firmly  fixed  to  a  base,  S,  which  should  be  a 
regular  sounding-board.     Through  the  blocks  and  pencil  a  cur- 
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rent — furnished  by  a  battery,  B — ^is  flowing,  and  in  the  circuit 
of  this  is  included  an  ordinary  telephonic  receiver,  B.  The 
current,  therefore,  has  to  flow  through  the  two  points  of  contact 
between  the  blocks  and  pencil,  and  its  intensity  depends  upon 
the  resistance  offered  at  these  points.  Now,  the  resistance  itself 
depends  upon  the  pressure  between  the  points,  so  that  finally  the 
current-strength  may  be  said  to  be  dependent  upon  the  pressure 
between  the  carbons. 

When  the  sounding-board  is  agitated  in  any  way  it  causes 
the  carbon  pencil  to  vibrate  with  it,  thus  producing  changes  in 
the  pressure  at  the  points,  and  therefore  in  the  resistance.  The 
current,  in  consequence,  is  subjected  to  corresponding  fluctua- 
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tion,  and  acts  on  the  receiver  just  as  it  would  in  an  ordinary 
telephone,  reproducing  there  the  vibrations  of  the  sounding- 
board. 

Microphones  have  been  made  of  extreme  sensibility ;  a  fly 
walking  on  the  sounding-board  can  be  very  distinctly  heard 
through  the  receiver  in  some  instruments,  and  the  tickmg  of  a 
watch  produces  sounds  of  a  disagreeable  intensity. 


Part  II. 

Electro-Physiology,  Electro-Diagnosis, 

AND 
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CHAPTER  I. 

Electro-Physiology. 

Muscle  Currents. — If  a  strip  of  muscle  be  isolated  from  its 
connections  and  intercalated  in  a  circuit  containing  a  delicate 
galvanometer  or  other  electrical  measuring  apparatus,  a  measur- 
able quantity  of  electricity  will  pass  which  appears  to  have  its 
source  in  the  muscle;  in  other  words,  the  muscle  seems  to  be 
an  electriojgenerator  or  battery. 

It  has  been  found  that  this  current  will  pass  only  when 
contact  is  made  with  the  muscle  at  certain  points.  If  a  cylindri- 
cal muscle,  the  sartorius  of  a  frog,  for  example,  is  taken  and 
the  tendinous  ends  cut  off,  it  may  be  considered  as  having  two 
poles  and  an  imaginary  line  of  division  at  a  point  equidistant 
from  the  two  poles,  and  called  the  equator. 

DuBois-Reymond  and  other  physiologists  to  whom  we  are 
mostly  indebted  for  our  knowledge  of  these  phenomena,  regard 
them  as  inherent  properties  of  living  muscle.  The  fact  that 
the  electric  organ  of  certain  electric  fishes,  as  the  torpedo,  elec- 
tric eel,  etc.,  appears  to  be  simply  modified  muscular  tissue, 
lends  some  probability  to  this  view.  There  are  reasons,  how- 
ever, for  believing  that  the  so-called  muscle  currents  are  not 
present  in  the  natural,  uninjured  state  of  living  muscle,  but  are 
developed  in  consequence  of  some  injury  or  modification  of  the 
vital  condition  of  the  muscle. 

HoAvever  interesting  these  phenomena  may  be  to  the  physi- 
ologist, they  have  no  bearing  upon  electro-therapeutics  and  need 
concern  us  no  further  in  this  place. 

Electrotonus. — When  a  galvanic  current  is  passed  through 
a  motor  nerve  it  produces  certain  changes  in  the  normal  irrita- 
bihty  and   conductivity  of  the   nerve,  which   are   termed   by 
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physiologists  electrotonus.  The  nerve  so  modified  is  said  to  be 
polarized,  and  the  current  is  called  a  polarizing  current.  The 
phenomena  of  electrotonus  may  be  briefly  described  as  follows: 
The  nerve  through  which  a  current  is  passing  is  in  a  state  of 
increased  irritability  near  the  point  to  which  the  cathode  is 
applied.  This  is  technically  termed  catelectrotonus.  In  the 
vicinity  of  the  anode  the  irritability  is  decreased,  and  this  con- 
dition is  termed  anelectrotonus.  This  increase  and  decrease  of 
irritability — or  catelectrotonus  and  anelectrotonus — is  more 
marked  between  the  points  of  application  of  the  electrodes  than 
beyond  this  interpolar  district. 

Formerly  much  stress  was  laid  upon  the  direction  of  the 
current,  and  physiologists  as  well  as  electro-therapeutists  insisted 
strongly  upon  the  varying  effects  of  "ascending"  and  "descend- 
ing" currents.  At  present,  however,  there  is  pretty  general 
agreement  that  the  direction  in  which  the  current  passes — 
whether  from  periphery  to  centre  (ascending),  or  from  centre  to 
periphery  (descending) — is  of  little  consequence.  The  varying 
effects  observed  are,  it  is  generally  believed,  dependent  altogether 
upon  the  electrode  or  pole  used  in  making  the  test.  In  the 
normal  condition  of  the  nerve  the  cathode  produces  the  more 
intense  effect. 

Some  electro-therapeutists  have  endeavored  to  base  a  theory 
of  the  therapeutic  action  of  electricity  upon  the  observed  phe- 
nomena of  electrotonus,  but  these  endeavors  have  not  up  to  the 
present  time  been  very  successful.  The  results  of  experiments 
iipon  the  nerve-muscle  preparation  of  the  frog  do  not  seem  to  be 
in  entire  agreement  with  the  effects  of  the  electric  current  as 
observed  in  the  healthy  or  diseased  nerve  of  man.  Hence  it 
will  be  wise  for  the  present  to  only  take  account  of  the  results 
obtained  by  experiments  and  observations  upon  human  beings, 
and  not  try  to  twist  the  facts  of  experimental  physiology  into 
the  support  of  a  therapeutic  theory. 

The  nature  of  the  change  in  the  nerve  which  causes  the 
electrotonic   condition   is  not   understood,  but  there    are  good 
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reasons  for  believing  that  it  is  due  to  an  electrolytic  re-arrange- 
ment of  molecules  which  modifies  the  power  of  transmission  of 
impulses.  If  a  sufficiently  strong  current  is  used  the  irritability 
of  the  nerve  is  entirely  abolished,  and  impulses  can  neither  be 
originated  in  nor  transmitted  through  the  electrotonized  dis- 
trict. 

Sensory,  like  motor,  nerves  are  subject  to  the  laws  of 
electrotonus. 

Effects  of  Electric  Currents  upon  Nerves  and  Muscles. — Elec- 
trical stimulation  of  a  motor  nerve  causes  contraction  of  the 
muscles  to  which  the  nerve  is  distributed.  When  the  current 
is  sent  through  a  sensory  nerve  pain  is  produced  in  the  area  of 
distribution  of  the  nerve,  and  when  a  mixed  nerve  is  the  object 
of  experiment  both  of  these  effects  are  produced.  Stimulation 
of  the  sympathetic  causes  variations  in  diameter  of  the  blood- 
vessels and  contraction  of  other  unstriped  muscles. 

Stimulation  of  Motor  Nerves — Pfluger's  " Law  of  Contraction." 
— If  the  cathode  of  a  galvanic  battery  furnishing  a  current  of 
moderate  strength  is  applied  over  a  nerve  superficially  located 
and  easily  accessible,  e.g.^  the  ulnar  nerve  at  the  elbow,  and 
the  anode  placed  at  an  indifferent  point, — the  sternum  is  usually 
selected, — a  contraction  of  the  muscles  supplied  by  the  nerve 
stimulated  will  follow  on  closing  the  circuit.  It  is  immaterial 
for  the  production  of  this  effect  whether  the  circuit  be  closed 
with  the  cathode,  the  anode,  or  in  the  metallic  part  of  the  circuit. 
If  electrodes  of  definite  size  be  used,  say,  a  flat  anode  of  thirty 
square  centimetres  area,  and  a  cathode  of  ten  square  centimetres, 
the  contraction  of  the  muscles  on  closing  the  circuit  is  usually 
produced  when  a  current  of  2.5  milliamperes  is  used.  With 
this  strength  of  current,  opening  the  circuit  with  the  cathode,  or 
opening  and  closing  with  the  anode,  will  produce  no  contraction. 
If,  now,  the  current  be  increased  to  3.4  milliamperes  the  con- 
traction will  be  produced  on  closing  the  circuit  with  the  anode, 
while  the  cathodic  closing  contraction  will  be  increased.  Still 
further  increase  of  the  current  to  3.5  milliamperes  will  bring 
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about  contraction  on  opening  the  circuit  with  the  anode,  while 
a  current  of  8.2  miUiamperes  will  be  necessary  to  cause  contrac- 
tion on  opening  the  circuit  with  the  cathode.  This  strength 
of  current  will  likewise  produce  a  contraction  of  some  duration, 
technically  called  "  tetanus,"  on  cathodic  closing.  The  anodic 
closing  and  anodic  opening  contractions  do  not  always  follow 
in  regular  succession, — sometimes  one  and  sometimes  the  other 
appears  first. 

This  more  or  less  regular  gradation  of  the  effects  of  the 
current  has  been  established  by  numerous  experiments  and  has 
been  formulated  into  a  definite  law  which  is  of  great  importance 
to  the  electro-therapeutist,  for  by  the  variation  in  the  electrical 
reaction  of  the  nerves  during  disease  the  nature  of  the  morbid 
condition  is  distinctly  manifested  to  the  observant  physician. 

Brenner,  to  whose  acute  reasoning  and  patient  observation 
electro-therapy  is  so  deeply  indebted,  constructed  a  formula  of  the 
law  of  electrical  contraction,  which  is  represented  by  symbols,  as 
follows : — 

Cathodic  closing  contraction  (Ca.  CI.  C.)  4. 
Anodic  closing  contraction  (An.  CI.  C.)  2. 
Anodic  opening  contraction  (An.  0.  C.)  2. 
Cathodic  opening  contraction  (  Ca.  0.  C.)  1. 

That  is  to  say,  with  the  same  strength  of  current  the 
cathodic  closing  contraction  would  be  four  times  the  strength 
of  the  cathodic  opening  contraction;  or,  in  other  words,  only 
one-fourth  of  the  current  required  to  produce  a  contraction  on 
opening  the  circuit  with  the  cathode  would  suffice  to  produce  a 
closing  contraction  with  the  same  pole.  It  will  be  seen  that  the 
anodic  closing  and  anodic  opening  contractions  are  produced  by 
the  same  strength  of  current,  which  is  midway  between  that 
required  to  produce  contraction  on  closing  or  opening  the  circuit 
with  the  cathode. 

The  symbols,  inclosed  in  brackets,  are  generally  used  for 
the  purpose  of  economy  of  space,  and  when  once  thoroughly 
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fixed  in  the  memory  will  readily  stand  for  the  words  them- 
selves.^ 

The  contraction  produced  by  the  galvanic  current,  unless 
the  latter  is  of  excessive  strength,  is  quick  and  short, — almost 
momentary,  in  fact.  This  is  an  important  fact  to  remember  in 
a  diagnostic  point  of  view,  as  a  modification  in  the  character  of 
the  contraction  is  an  unfailing  sign  of  disease  in  the  nerve. 

In  testing  a  nerve  by  the  galvanic  current  the  contractions 
produced  are  much  stronger  when  the  current  is  reversed  with 
the  commutator,  without  opening  the  circuit,  than  when  the  cir- 
cuit is  first  broken  and  then  the  poles  reversed.  This  reversal 
of  current  with  closed  circuit  is  known  to  electro-therapeutists 
as  the  voltaic  alternation,  and  is  usually  indicated  by  the  symbol 
V.  A.  In  many  of  the  therapeutic  applications  of  electricity  the 
employment  of  voltaic  alternation,  or  voltaic  alternatives,  is  ex- 
tremely important  on  account  of  the  highly  stimulating  eff"ects 
thus  produced. 

In  striking  contrast  to  the  single,  quick  contraction  or  jerk 
produced  by  the  galvanic  current,  the  faradic  current  produces  a 
tonic,  prolonged  contraction,  which  lasts  during  the  entire  time 
the  current  is  passing.  This  is  due  to  the  fact  that  the  contrac- 
tions caused  by  the  closing  and  opening  and  reversal  of  the  cir- 
cuit follow  each  other  in  the  faradic  machine  so  rapidly  that  the 

*  For  convenience  of  reference,  a  table  of  symbols  used  in  tliis  work  is  given  bere  :— 


Ca.  CI.  C,  Cathodic  closing  contraction. 
Ca.  O.  C,  Cathodic  opening  contraction. 
Ca.  CI.  Te.,  Cathodic  closing  tetanus. 
An.  Cl.  C,  Anodic  closing  contraction. 
An.  O.  C,  Anodic  opening  contraction. 
An.,  Anode. 

An.  O.  P.,  Anodic  opening  picture. 
An.  Cl.  P.,  Anodic  closing  picture. 
An.  O.  Od.,  Anodic  opening  odor. 
An.  Cl.  Od.,  Anodic  closing  odor. 
An.  O.  Sd.,  Anodic  opening  sound. 
An.  Cl.  Sd.,  Anodic  closing  sound. 
An.  O.  Sn.,  Anodic  opening  sensation. 
An.  Cl.  Sn.,  Anodic  closing  sensation. 
An.  Cl.  Te.,  Anodic  closing  tetanus. 
Dur.,  Duration  (of  current). 
R  D.,  Reaction  of  degeneration. 
E.,  or  E.m.f.,  Electro-motive  force. 
C,  Current. 


R.,  Resistance. 

G.  S.,  Galvanization  of  the  sympathetic. 

B.  G.,  Brain  galvanization. 
Ca.,  Cathode. 

Ca.  Dur.,  Cathodic  duration. 

C.  D.,  Coil  distance. 
>,  Diminuendo. 

<,  Crescendo. 

Ca.  Cl.  Sn.,  Cathodic  closing  sensation. 

Ca.  O.  Sn.,  Cathodic  opening  sensation. 

Ca.  Cl.  Sd.,  Cathodic  closing  sound. 

Ca.  O.  Sd.,  Cathodic  opening  sound. 

Ca.  Cl.  P.,  Cathodic  closing  picture. 

Ca.  O.  P.,  Cathodic  opening  picture. 

Ca.  Cl.  Od.,  Cathodic  closing  odor. 

Ca.  O.  Od.,  Cathodic  opening  odor. 

Ma.,  Milliampere. 

V.  A.,  Voltaic  alternatives. 
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muscle  cannot  return  to  a  state  of  rest  in  the  interval  between 
the  contractions,  and  thus  the  latter  apparently  become  con- 
tinuous. 

Muscles  can  be  directly  stimulated  to  contraction  by  electric 
currents.  This  has  been  experimentally  demonstrated  in  ani- 
mals by  paralyzing  the  nerves  w^ith  curare  and  then  subjecting 
the  muscles  to  the  action  of  an  electric  current.  The  direct 
muscular  contraction  differs  from  the  neuro-muscular  contraction 
in  bemg  slower,  and  requiring  a  more  prolonged  action  of  the 
current.  In  the  next  chapter  the  causes  of  this  difference  of 
action  will  be  more  fully  considered. 

No  elevation  of  temperature  results  in  a  muscle  through 
which  a  galvanic  current  is  passing  unless  contraction  of  the 
muscle  is  produced.  Whether  certain  modifications  of  nutrition 
can  be  brought  about  by  such  non-contractile  currents  has  not 
yet  been  definitely  established.  The  assumption  is  justified, 
however,  that  even  the  mildest  currents  do  produce  some  modi- 
fication of  nutrition. 

When  the  current  is  sufficiently  strong  to  produce  contrac- 
tion of  the  muscle,  there  is  an  increase  of  temperature  which  is 
proportionate  to  the  intensity  of  the  contraction.  This  rise  of 
temperature  is  not  due  to  the  passage  of  the  current,  nor  to  the 
increased  hypersemia,  but  solely  to  the  greater  metabolic  activity 
going  on  in  the  muscle  consequent  upon  its  contraction.  A 
paralyzed  or  unused  muscle  wastes  in  consequence  of  defective 
nutrition ;  hence,  in  cases  of  paralysis,  where  volitional  contrac- 
tion of  the  muscles  is  impossible,  these  must  be  stimulated  arti- 
ficially in  order  to  prevent  atrophy.  For  this  purpose  electricity 
is  an  admirable  stimulant. 

Sensory  nerves  can  be  stimulated  to  their  specific  reaction, 
i.e.,  the  production  of  pain,  either  by  applying  the  electrode  to 
the  trunk  or  the  peripheral  terminations  of  the  nerve.  The 
sensation  is  experienced,  however,  only  at  the  periphery,  and 
not  in  the  trunk.  It  is  probable,  therefore,  that  the  sensation 
in  a  contracted   muscle  is  due  to  stimulation  of  the   sensory 
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fibres  distributed  in  the  muscular  substance,  and  not  to  any 
specific  "electro-muscular  sensibility." 

Resistance. — When  a  galvanic  current  is  sent  through  or- 
ganic tissues,  such  as  a  portion  of  the  human  body,  it  encounters 
resistance  (see  Part  I,  page  34),  just  as  when  a  current  passes 
through  a  wire  or  other  metallic  conductor.  The  resistance  of 
organic  tissue  is,  however,  immensely  greater  than  that  of  a 
metallic  circuit.  Different  portions  of  this  organic  conductor 
have  different  degrees  of  resistance,  as  will  presently  be  shown 
more  m  detail.  It  must  also  be  borne  in  mind  that  organic 
tissue  conducts  the  current  largely,  if  not  altogether,  by  virtue 
of  the  electrolytic  decomposition  going  on  in  the  track  of  the 
current.     (See  page  49.) 

The  course  of  the  current  in  the  body  is  determined,  just  as 
in  other  conductors,  by  the  relative  resistance  offered  by  the  dif- 
ferent tissues.  The  largest  current  will  naturally  pass  through 
that  tissue  which  offers  the  least  resistance.  In  general  terms  it 
may  be  said  that  the  more  succulent  tissues  are  the  best  con- 
ductors. 

The  resistance  of  the  epidermis  is  greater  than  that  of  any 
other  tissue  of  the  body.  Recent  determinations  of  this  resist- 
ance (by  Gartner  and  Jolly)  have  shown  that  the  resistance  of 
the  two  layers  of  the  epidermis  in  the  percutaneous  application 
of  electricity  is  about  three  hundred  times  as  great  as  that  of  all 
the  intervening  tissues.  Hence,  in  estimating  the  resistance  of 
the  body  to  an  electric  current,  the  tissues  under  the  skin  need 
not  be  considered  at  all,  as  the  obstruction  they  offer  to  the 
passage  of  the  current  is  relatively  unimportant. 

When  the  current  has  passed  through  the  body  for  a  short 
time  the  resistance  rapidly  diminishes ;  in  other  words,  the  cur- 
rent passes  through  more  easily,  as  may  readily  be  shown  by  a 
milliamperemeter  in  the  circuit.  It  is  supposed  by  most  writers 
that  this  diminution  of  resistance  is  due  to  increased  hypersemia 
and  succulence  of  the  tissues  permeated  by  the  current,  but 
there  is  reason  to  believe  that  the  electrolytic  arrangement  of 
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molecules  in  the  track  of  the  current  has  some  mfluence  m  ren- 
dering the  passage  of  the  current  easier. 

At  the  other  extremity  of  the  scale  of  resistance  offered  by- 
organic  tissues  are  the  brain,  eyeballs,  and  spinal  cord.  Each 
of  these  transmit  the  current  with  the  greatest  readiness. 

Density. — The  density  of  the  current  varies  very  markedly 
in  different  portions  of  an  organic  conductor.  At  the  points  of 
entrance  and  exit  the  density  is  greatest,  diminishing  to  the 
minimum  at  that  portion  of  the  interpolar  area  where  the  cross- 
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Fig.  131. — Intended  to  show  the  distribution  and  density  of  current  when  electrodes  of  the 
same  size  are  employed. 

Fig.  135.— Shows  the  difference  in  density  at  the  two  poles  when  electrodes  of  different  size 
are  employed. 

Fig.  136. — Shows  the  current  density  when  the  electrodes  are  applied  near  together  and  upon 
the  same  side  of  the  body. 

section  of  the  conductor  is  greatest.  This  point  may  or  may 
not  be  midway  between  the  two  poles.  It  depends  largely  upon 
the  relative  sizes  of  the  electrodes,  their  distance  apart,  and  the 
nature  of  the  tissues  themselves.  The  entire  question  of  inter- 
polar resistance  in  organic  tissues  demands  a  thorough  investi- 
gation in  view  of  recent  observations. 

Erb  has  endeavored  to  show  diagrammatically  the  varying 
density  of  the  current.  These  diagrams,  which  are  here  repro- 
duced (Figs.  134,  135,  136),  fail,  however,  to  show  the  modify- 
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ing  influence  of  diiFerent  tissues  upon  the  variations  of  density 
of  the  current. 

OBJECTIVE    AND     SUBJECTIVE    EFFECTS    OF    ELECTRIC    CURRENTS 
UPON    THE    COMMON   INTEGUMENT. 

Both  galvanic  and  faradic  currents  cause  pain,  burning  or 
tingling,  contraction  of  the  cutaneous  muscles,  and  hypereemia 
at  the  points  of  appUcation  of  the  electrodes.  Increase  in  strength 
of  the  galvanic  current,  or  increased  duration  of  its  passage,  will 
result  in  inflammation,  and  produce  the  chemical  effects  known 
as  electrolysis. 

The  degree  of  pain  produced  depends  not  only  upon  the 
strength  of  the  current,  but  upon  the  shape,  size,  and  material 
of  the  electrode,  and  the  portion  of  the  body  to  which  it  is 
applied.  In  practice,  it  is  found  that  moistening  the  electrodes 
with  a  warm  saline  solution  reduces  the  pain  by  facilitating  the 
transmission  of  the  current,  i.e.,  diminishing  the  resistance  of 
the  epidermis. 

The  greater  degree  of  pain  produced  by  dry  electrodes  is 
owing  to  the  greater  density  of  the  current  which  enters  the  skin 
at  the  mouths  of  the  cutaneous  glands,  sweat-pores,  or  hair- 
follicles.  Moistening  and  softening  the  epidermis  furnish  a 
larger  number  of  points  of  entrance  for  the  current  by  subdivid- 
ing it,  and  thus  diminishing  its  density. 

Therapeutists  avail  themselves  of  the  powerful  stimulating 
properties,  both  direct  and  reflex,  of  currents  of  great  density 
by  using  the  electric  brush  (a  small  bundle  of  fine  wires)  as  an 
electrode.  When  the  object  is  to  stimulate  the  skin  directly,  or 
to  produce  a  reflex  or  derivative  effect  upon  deeper  or  distant 
organs,  the  electric  brush  or  small,  dry  electrodes  are  used  and 
lightly  applied  to  the  surface.  On  the  other  hand,  if  irritation 
of  the  cutaneous  and  sensory  nerves  is  to  be  avoided,  the  elec- 
trodes should  be  of  large  area,  well  moistened  with  a  warm 
saline  solution,  and  pressed  firmly  against  the  skin.  Any 
one  can  convince  himself  of  the  different  effiects  produced  by 
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alternately  grasping  firmly  and  holding  loosely  in  the  hands  the 
electrodes  of  a  faradic  machine. 

The  pain  of  the  galvanic  current  is  hurning  in  character 
and  more  intense  at  the  cathode ;  that  of  the  faradic  current  is 
rather  in  the  nature  of  a  prickling  or  tingling  sensation.  By 
increasing  the  strength  of  the  current  the  sensation  can  be  in- 
creased to  the  point  of  becoming  insupportable. 

The  motor  phenomena  produced  by  the  electric  current 
upon  the  skin  consist  in  contractions  of  the  cutaneous  muscles, 
throwing  the  skin  into  irregular  prominences, — the  familiar 
"  goose-sldn."  When  the  current  is  applied  to  the  breast  or 
scrotum,  prominence  of  the  nipple  and  retraction  of  the  scrotum 
are  produced.  When  the  galvanic  current  is  used  these  con- 
tractions soon  disappear,  but  they  are  more  persistent  under  the 
faradic  current. 

Upon  the  blood-vessels  of  the  skin  the  current  first  pro- 
duces a  contractile  effect  and  afterward  acts  as  a  dilator.  There 
is  anssmia  as  a  primary,  and  hyperaemia  as  a  secondary, 
effect. 

The  objective  effects  of  the  constant  current  upon  the  skin 
are  said,  by  Ziemssen,  to  appear  in  the  following  order :  Pallor 
with  cutis  anserina,  hyperaemia,  papular  projection  of  the  hair- 
follicles,  and,  finally,  confluence  of  the  papules  to  form  wheals. 
If  the  current  is  sufficiently  strong  the  chemical  effects  of  the 
electrolytic  current  become  evident.  The  difference  of  chemical 
action  at  the  two  poles  is  very  marked.  The  skin  under  the 
cathode  soon  becomes  raised  into  a  blister,  which  enlarges  both 
in  area  and  elevation.  The  reaction  of  the  vesicular  fluid  is 
alkaline.  Should  the  current  be  strengthened  or  much  pro- 
longed, a  brownish  slough  forms. 

At  the  anode  the  inflammatory  reaction  is  less  intense,  and 
the  serum  obtained  from  the  wheal  formed  at  the  point  of  con- 
tact of  the  electrode  with  the  skin  has  an  acid  reaction.  The 
metal  surface  of  the  electrode  becomes  oxidized  and  corroded. 

These  chemical  eff'ects  are  due  to  the  electrolytic  action  of 


EFFECTS   OF    CURRENTS   UPON    THE   OPTIC    NERVE.  155 

the  current  (q.  v.).     They  are  produced  m  all  organic  tissues, 
— skin,  muscle,  nervous  tissue,  bone,  etc. 

No  thermic  effects  are  produced  by  the  electrolytic  current 
unless  muscular  contraction  is  produced.  This  has  been  experi- 
mentally demonstrated  by  Ziemssen,  and  is  a  result  of  daily  ex- 
perience in  electro-therapeutics. 

PHYSIOLOGICAL   EFFECTS  OF  ELECTRIC    CURRENTS   UPON    THE   NERVES 

OF   SPECIAL    SENSE. 

Optic  Nerve. — In  testing  the  electrical  reaction  of  the  nerves 
of  special  sense  the  galvanic  current  is  usually  employed.  The 
optical  effects  produced  by  the  current  differ  with  the  electrode 
used.  Most  of  the  definite  knowledge  upon  this  subject  we  owe 
to  the  masterly  researches  of  Brenner.  With  one  electrode  at 
the  nape  of  the  neck  or  to  the  sternum,  and  the  other  applied  in 
the  vicinity  of  the  eye  or  over  the  closed  lids,  a  sensation  of 
colored  light  is  produced  in  the  eye  tested.  The  sensation  of 
color  is  subjective,  and  not  objectively  visible  to  the  experi- 
menter. With  Ca.  CI.  the  colors  are  a  light-blue  centre  and  a 
yellowish-green  halo  a  little  to  the  outer  side  of  the  visual  axis. 
Reversal  of  the  current  produced  a  reversal  of  the  relations  of 
the  colors ;  thus,  on  An.  CL,  the  centre  is  yellowish  green  and  the 
halo  light  blue.  An.  O.  produces  the  same  color-reaction  as  Ca. 
CL,  and  An.  CI.  the  same  as  Ca.  O.  Every  electrician  is  familiar, 
also,  with  the  momentary  flash  of  Mght  caused  by  closing  or 
opening  a  circuit  through  or  in  the  vicinity  of  the  eyeball. 

Auditory  Nerve. — A  sound  sensation  is  caused  by  the  gal- 
vanic current  when  the  electrode  is  placed  in  the  external  audi- 
tory canal  or  over  the  ear.  At  Ca.  CL  a  sound  is  heard  which 
gradually  diminishes.  This  sound  is  variously  described  as  hum- 
ming, soughing,  purring,  and  sometimes  as  a  distinct  ringing. 
Moderately  strong  currents  (4  to  8  Ma.)  are  required  to  produce 
the  effect  in  most  individuals.  The  An.  O.  sound  is  of  the  same 
character  as  the  Ca.  CL  sound,  but  not  so  distinct  or  long  con- 
tinued.    No  sound  is  produced  on  An.  CL  or  Ca.  O. 


Fig.  137. 
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Testing  the  galvanic  reaction  of  the  auditory  nerve  is  diffi- 
cult, and  attended  by  many  discomforts  to  the  subject  of  the 
experiment.  Erb  uses  as  the  testing  electrode  a 
flat  electrode,  applied  over  the  auricle  a  little 
back  of  the  meatus.  Brenner  used  the  electrode 
shown  in  Fig.  137.  The  funnel  is  inserted  into  the 
external  auditory  meatus,  and  then  filled  with 
warm  water  to  cause  diffusion  of  the  current  and 
prevent  injury  to  the  delicate  structures  in  the  ear. 
Gustatory  Nerve. — A  galvanic  current  in  the  tongue,  or  in 
the  vicinity  of  the  gustatory  nerve,  calls  forth  a  sensation  of 
taste  which  varies  with  the  pole  employed.  The  cathodic  taste 
is  bitterish,  while  that  produced  by  the  anode  is  of  a  metalhc 
and  somewhat  acid  character.  The  sensation  sometimes  persists 
for  hours  after  the  stimulation.  In  some  persons  this  "  galvanic 
taste  "  is  developed  even  though  the  electrodes  are  not  applied 
near  the  mouth  or  tongue.*  This  sensation  is  doubtless  due  to 
a  specific  stimulation,  direct  or  reflex,  of  the  gustatory  nerve, 
and  not,  as  some  authors  have  supposed,  to  electrolysis  of  the 
fluids  in  the  mouth.  In  some  persons  the  cathodic  taste  cannot 
be  developed,  only  the  anode  causing  the  peculiar  sensation. 

Olfactory  Nerve. — Weak  galvanic  currents,  .1  to  .2  Ma.,  pro- 
duce a  peculiar  odor  when  passed  through  the  Schneiderian 
membrane  on  Ca.  CI.  or  An.  O. 

PHYSIOLOGICAL   EFFECTS   OF  ELECTRIC.  CURRENTS  UPON  THE  CENTRAL 

NERVOUS    SYSTEM. 

Brain. — When  a  galvanic  current  is  passed  transversely 
through  the  brain,  the  electrodes  being  placed  upon  the  mastoid 
processes,  dizziness  is  produced,  which  begins  with  closure  of 
the  circuit,  and  continues  during  the  passage  of  the  current. 
The  sensation  is  not  merely  subjective,  but  can  be  demonstrated 
objectively.     The  electric  vertigo  always  causes  movement  of 

*  This  metallic  taste,  which  is  very  disagreeable  to  some  persons,  can  be  removed  by  chew- 
ing roasted  coffee  for  a  few  minutes. 
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the  head  toward  the  side  of  the  anode.  On  opening  the  circuit 
a  movement  in  the  opposite  direction  (toward  the  cathode)  is 
experienced.  Reversal  of  the  current  with  closed  circuit  (V.  A.) 
doubles  the  intensity  of  the  vertigo.  The  dizziness  is  produced 
in  the  horizontal  as  well  as  vertical  position.  On  closing  the 
eyes,  or  in  bhnd  persons,  the  sensation  is  experienced  as  well  as 
with  the  eyes  open,  or  in  those  who  ha-ve  good  vision.  No  ver- 
tigo is  produced  when  both  electrodes  are  placed  on  the  same 
side  of  the  head,  or  when  the  faradic  current  is  used. 

Strong  galvanic  currents  sent  through  the  brain  also  produce 
co-ordinated  ocular  movements.  The  eyeballs  move  in  a  jerky 
manner  toward  the  cathode,  and  then  slowly  toward  the  opposite 
side,  followed  by  a  pendulum-like  oscillation  from  side  to  side. 
Stronger  currents  produce  rotatory  nystagmus,  or  fixation  of  the 
eyeball  toward  the  side  of  the  cathode. 

Confusion  of  thought,  occipital  headache,  and  nausea,  or 
vomiting,  sometimes  follow  the  attempts  at  brain  galvanization. 
Very  strong  currents  have  caused  fainting  and  convulsions. 

The  brain-substance  is  directly  susceptible  to  galvanic 
stimulation.  Hitzig  and  Fritsch  have  demonstrated  experiment- 
ally that  electrical  stimulation  of  certain  motor  areas  in  the 
cerebral  cortex  causes  movements  in  the  appropriate  groups  of 
muscles  corresponding  to  the  stimulated  areas. 

Lowenberg  states  that  brain  galvanization  causes  contrac- 
tion of  the  vessels  in  the  cathodic  area  and  dilatation  in  the 
anodic  area.  These  statements  have,  however,  not  been  confirmed 
by  any  other  experimenter. 

Spinal  Cord. — A  galvanic  current  sent  along  the  spine  with 
the  anode  at  the  nape  of  the  neck,  and  the  cathode  over  the 
lumbar  vertebrae,  will  sometimes  cause  contractions  in  the  thigh- 
muscles,  as  well  as  sensations  (pricking,  scalding)  in  the  legs. 
The  benefit  derived  from  galvanism  of  the  spinal  cord  in  certain 
forms  of  spinal  disease,  e.^.,  tabes  dorsalis,  chronic  myelitis,  etc., 
may  be  regarded  as  confirmatory  of  the  experimental  results 
obtained. 
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Sympathetic  Nerve. — Clinical  observation  seems  to  show  that 
electrical  stimulation  of  the  superior  cervical  ganglion  of  the 
sympathetic  nerve  is  of  benefit  in  many  morbid  conditions  in 
which  this  agent  is  applied.  Careful  physiological  experiments 
have  failed,  however,  to  give  any  exact  or  uniform  results  from 
the  passage  of  the  current  through  or  in  the  neighborhood  of 
the  ganglion.  The  method  usually  adopted  to  stimulate  this 
ganglion,  by  the  application  of  one  electrode  in  the  auriculo- 
maxillary  fossa  and  the  other  to  the  back  of  the  neck,  distrib- 
utes the  current  over  so  many  important  structures  that  it  is 
impossible  to  give  any  definite  value  to  the  efiect  produced  upon 
the  ganglion.  Most  electro-therapeutists,  therefore,  reject  the 
term  "galvanization  of  the  sympathetic,"  formerly  so  generally 
used.  The  German  authors  use  the  expression,  "galvanization 
at  the  neck,"  while  De  Watteville  proposes  the  convenient  term, 
"  subaural  galvanization,"  which  seems  to  the  writer  an  accept- 
able phrase,  as  it  simply  indicates  the  point  of  application  of 
the  active  electrode.  The  most  usual  effects  of  the  galvanic 
current  are  a  sense  of  drowsiness  and  vertigo  beginning  with 
the  closure,  and  continuing  for  some  time  after  the  opening,  of 
the  circuit;  hypersemia,  followed  by  ansemia  of  the  retina,  dila- 
tation of  the  pupil,  diminished  blood-pressure  and  frequency  of 
the  pulse,  and  a  general  sensation  of  warmth.  None  of  these 
effects  are  constant. 

PHYSIOLOGICAL   EFFECTS  OF  ELECTRICAL   STIMULATION   OF  THE 
THORACIC,    ABDOMINAL,    AND    PELVIC   VISCERA. 

Heart. — Von  Ziemssen  has  made  experiments  upon  the 
exposed  heart  and  phrenic  nerve  in  a  case  where  this  organ  and 
nerve  could  be  directly  reached  with  the  electrodes.  The  gal- 
vanic current  increased  the  force  and  frequency  of  the  contrac- 
tions when  the  electrodes  were  placed  directly  upon  the  heart. 
The  cathode  produced  more  decided  effects  than  the  anode. 
When  the  current  was  directed  to  the  ganglionic  area,  the 
frequency  of  the  beats  was  doubled  or  trebled,  but  the  regularity 
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of  pulsation  was  not  interfered  with.  Strong  currents  through 
the  chest-walls  also  increase  the  frequency  of  the  heart-beats. 
A  current  from  the  spine  to  the  sternum  causes  cough  on  closing 
the  circuit. 

Direct  galvanic  stimulation  of  the  phrenic  nerve  produced 
in  von  Ziemssen's  experiments  the  same  series  of  contractions 
as  are  caused  in  other  purely  motor  nerves.  No  sensations  were 
produced. 

(Esophagus. — The  muscular  coat  of  this  organ  contracts 
promptly  upon  the  application  of  an  electric  current  through  an 
insulated  sound.  The  faradic  current  is  more  prompt  in  its 
effects  than  the  galvanic. 

Stomach. — Galvanic  stimulation  of  the  stomach  produces 
increased  secretion,  muscular  contraction,  and  an  anaemic  con- 
dition of  the  mucous  membrane.  Faradic  currents  are  often 
useful  in  combination  with  the  galvanic.  The  pyloric  extremity 
of  the  stomach  reacts  more  promptly  to  the  electrical  stimulus 
than  does  the  cardiac  end.  When  the  organ  is  moderately 
filled  with  fluid  and  gases  the  contraction  is  more  marked.  The 
stomach  can  be  made  to  contract  either  by  passing  an  insulated 
sound  into  the  organ  and  stimulating  the  mucous  membrane 
directly,  or  through  a  layer  of  water  with  which  the  organ  has 
been  filled;  or  the  electrodes  of  proper  size  and  shape  may  be 
applied  to  the  abdominal  walls  over  the  stomach  (percutaneous 
method),  or  the  contractions  may  be  developed  by  galvanic  or 
faradic  stimulation  of  the  vagi.  Either  of  these  methods  can 
be  adopted  for  the  purpose  of  physiological  experiment,  but  the 
percutaneous  method  is  the  least  troublesome,  and  apparently 
effective  for  therapeutic  purposes. 

Intestinal  Canal. — Contraction  of  the  lumen  of  the  digestive 
tube  is  obtained  by  limiting  the  action  of  the  current  by  means 
of  an  insulated  intra-intestinal  electrode.  Percutaneous  currents 
show  slight  effects,  if  any,  upon  the  calibre  of  the  tube.  Never- 
theless, the  usefulness  of  the  current  in  torpor  of  the  intestinal 
canal  cannot  be  entirely  attributed  to  increased  secretion  from 


160        PRACTICAL   ELECTRICITY   IN   MEDICINE   AND    SURGERY. 

the  mucous  layer,  but  must  be  due  in  a  measure  to  the  contrac- 
tions of  the  muscles  of  the  intestines,  which  substitute  the 
ordinary  peristaltic  movements. 

Liver. — No  effects  are  produced  upon  this  organ  by  the 
electric  current,  so  far  as  our  present  knowledge  extends. 

Gall-bladder.  —  Direct  electrization  of  the  gall-bladder 
will  cause  contraction  of  its  walls,  but  no  such  effect  can  be 
demonstrated  after  the  percutaneous  application  of  the  current. 

Gerhardt,  however,  advises  faradism  to  the  hypochondriac 
region  in  cases  of  catarrhal  jaundice,  and  believes  that  by  the 
contraction  of  the  muscular  coat  of  the  gall-bladder  the  obstruct- 
ive plug  in  the  duct  can  be  driven  out  and  the  viscus  emptied. 
Von  Ziemssen  and  Bernhardt  regard  this  effect  as  doubtful,  and 
the  latter  thinks  the  favorable  result  is  due  to  contraction  of  the 
abdominal  walls,  and  not  to  the  gall-bladder  itself 

Spleen. — The  exposed  spleen  can  be  made  to  contract  by 
direct  electrization.  Contractions  can  also  be  produced  in  this 
organ  by  stimulation  of  the  pneumogastric.  In  certain  patho- 
logical conditions  (malarial  enlargement)  marked  improvement 
followed  percutaneous  faradization  of  the  region  of  the  spleen. 

Kidneys. — Experiments  upon  these  organs  with  the  electric 
current  have  given  negative  results. 

Urinary  Bladder. — Contractions  of  this  viscus  can  be  pro- 
duced with  both  cuiTents.  The  methods  are  either  percuta- 
neous, or  by  means  of  an  insulated  sound  in  the  bladder  and  a 
large  abdominal  or  lumbar  electrode. 

Urethra. — The  galvanic  as  well  as  faradic  currents  produce 
contractions  of  the  muscular  coat  of  the  urethra. 

Uterus. — The  non-pregnant  uterus  can  be  stimulated  to  con- 
traction by  direct  galvanization  and  faradization.  In  the  preg- 
nant condition  contractions  can  also  be  stimulated  by  application 
of  one  electrode  to  the  cervix,  and  the  other  to  the  abdominal 
wall  over  the  fundus.  In  post-partum  haemorrhage  energetic 
contractions  can  be  produced  by  intra-uterine  faradization, — one 
electrode  being  applied  to  the  interior  of  the  fundus  and  the 
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other  to  the  cervix.     Menstruation  can  also  be  increased  by  the 
galvanic  current  to  the  uterus. 

Ureters. — The  ureters  can  be  made  to  contract  by  direct 
stimulation, — as  in  physiological  experiments, — but  in  the  living 
subject  the  electrization  of  these  organs  is  not  practicable. 

LOCALIZATION    OF   THE   EFFECTS   OF   ELECTRIC    CURRENTS MOTOR 

POINTS   OF   MUSCLES. 

The  observations  of  Duchenne  long  ago  showed  that  cer- 
tain points  on  the  surface  of  the  body  were  apparently  "  points 
of  election"  for  the  stimulation  of  certain  muscles.  E,.  Remak 
and  von  Ziemssen  demonstrated  that  these  points  correspond  to 
the  place  of  entrance  of  the  motor  nerve  into  the  muscle  it  was 
intended  to  stimulate  to  contraction.  They  are  now  called,  by 
all  electro-therapeutists,  "motor  points,"  after  von  Ziemssen, 
who,  by  his  masterly  researches,  rendered  further  work  on  this 
subject  superfluous.  In  the  following  account  the  description 
of  von  Ziemssen  is  closely  followed. 

Motor  Points  of  the  Muscles  of  the  Head,  Face,  and  Neck. — 
From  an  examination  of  Fig.  138,  following  page,  it  will  be  seen 
that  while  some  of  the  points  where  the  nerves  or  muscles  can 
be  stimulated  are  very  restricted  in  size, — are  literally  "  points," 
— others  are  lines,  in  some  cases  several  inches  in  length.  These 
latter  indicate  that  the  respective  nerves  or  muscles  can  be  stimu- 
lated to  contraction  if  the  exciting  electrode  is  placed  at  any 
point  along  the  line.  It  will  be  recollected  that  the  galvanic 
current  will  give  a  short,  quick  contraction  or  jerk,  immediately 
followed  by  relaxation  unless  a  very  strong  current  is  employed. 
In  order  to  get  a  continuous  contraction,  therefore,  the  faradic 
current  must  be  called  in  requisition.  For  purposes  of  diag- 
nosis, indeed,  both  currents  must  be  used  in  succession,  as  will 
be  shown  in  the  next  chapter.  It  will  be  understood  that  while 
in  many  cases  the  stimulation  of  the  muscles  is  spoken  of  it  is 
usually  meant  that   the  stimulation  of  the   nerve  causes  the 

muscular  contraction. 

11 
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Facial  Nerve. — The  trunk  of  the  facial  nerve  can  be  stimu- 
lated  in  the  external  auditory  canal,  at  the  stylo-mastoid  fora- 
men, and  directly  below  the  external  meatus,  as  exhibited  in 
Figs.  138  and  139.     Effect:  To  draw  the  entire  half  of  the  face 
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Fig.  138.— Motor  Points  of  the  Muscles  op  the  Head,  Face,  and  Neck. 


toward  the  side  stimulated.  The  mouth  and  nose  are  drawn 
sideways,  the  eye  tightly  closed,  and  the  skin  thrown  into 
numerous  folds.  (See  Fig.  139.)  In  some  cases  of  severe  facial 
spasm  a  similar  expression  is  present. 
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Fia.  Ih9,  —Muscles  Supplied  by  the  Facial  Nerve  Stimulated  fkom  the  Motor 
Point  Below  the  Meatus. 


Fig.  140.— Bilatekal  Conteaction  of  the  Frontalis  Muscle. 
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The  post-auricular  branch  of  the  facial  is  reached  where  it 
winds  around  the  auricle,  as  shown  in  Fig.  138.  Effects:  To 
draw  the  pinna  upward  and  backward,  and  to  depress  the  scalp 
posteriorly. 

The  branches  to  the  stylo-hyoid  and  digastric  muscles  can 
only  rarely  be  stimulated  singly.  The  motor  points  are  situated 
near  to  each  other,  and  the  muscles  usually  contract  together. 


Fig.  141.— Bilateral  Contraction  of  the  Corrttgator  Supercilii  Muscles. 

The  contraction  of  the  attrahens  and  attollens  auriculum  is 
readily  stimulated  by  pressing  the  electrode  on  the  zygomatic 
process  of  the  temporal  bone,  on  which  the  branches  of  the 
facial  going  to  those  muscles  are  found.  The  effect  is  to  draw 
the  auricle  upward  and  forward. 

The  frontalis  muscle  is  stimulated  to  contraction  through 
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the  facial  branch  which  runs  superficially  from  the  zygoma  over 
the  temporal  region.  Effect :  The  skin  of  the  forehead  is  thrown 
into  numerous  transverse  folds.  (See  Fig.  140.)  In  old  per- 
sons the  folds  are  more  prominent  and  numerous.  The  brows 
are  drawn  slightly  upward  and  the  folds  are  curved  downward 
in  the  centre  of  the  forehead  if  the  contraction  is  bilateral. 


Fig.  142.— BiXATERAL  Contraction  of  the  Zygomatictts  Major.    The  Contraction 
OF  THE  Orbicularis  Palpebrarum  is  also  Shown  in  the  Cut. 

The  expression  varies  according  to  the  intensity  of  the  contrac- 
tion from  attention  to  astonishment,  surprise,  and  terror. 

The  corrugator  superciiii  is  easily  isolated  at  the  outer  angle 
of  the  brow.  (See  Figs.  138  and  141.)  Effects:  Flattening 
and  depression  of  the  eyebrows,  so  that  the  latter  overhang  the 
upper  Hd.     The  inner  ends  of  the  brows  are  at  the  same  time 
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drawn  upward  and  inward,  throwing  the  skin  into  vertical  folds 
over  the  glabella.  The  expressions  produced  are  those  of  re- 
flection, sternness,  pain,  and  anger. 

The  orbicularis  palpebrarum  may  be  stimulated  over  the 
malar  bone  or  the  parotid  gland.  (See  Fig.  138.)  When  the 
nerve  is  stimulated  before  its  division  into  its  superior  and  inferior 
branches  the  effect  is  to  close  the  eyelids. 

The  zygomaticus  major  can  be  stimulated  to  contraction  at 


Fig.  143.— Conteaction  of  the  Zygomaticus  Minok. 

the  posterior  inferior  border  of  the  malar  bone,  near  the  origin 
of  the  muscle.  Bilateral  contraction  of  this  muscle  draws  the 
angles  of  the  mouth  outward,  throws  the  skin  of  the  cheeks 
into  arc-like  folds,  and  closes  the  eyes.  (See  Fig.  142.)  The 
expression  caused  is  that  of  mirth  and  laughter,  which  may  be 
increased  to  the  point  of  caricature. 

The  zygomaticus  minor  can  be  reached  over  the  junction 
of  the  malar  bone  with  the  superior  maxilla.  Its  stimulation  is 
always  painful  on  account  of  the  infra-orbital  branch  of  the 
fifth  nerve,  which  is  affected  by  the  current.     The  effect  is  to 


MOTOR   POINTS   OF   FACE. 


167 


raise  the  upper  lip  and  draw  it  outward,  causing  an  expression 
of  dissatisfaction  or  pain.     (See  Fig.  143.) 

The  levator  labii  superioris  is  difficult  to  isolate,  but  can 
sometimes  be  picked  out  on  the  side  of  the  nose  near  the  motor 
point  for  the  zygomaticus  minor.  Its  contraction  raises  the 
upper  lip  on  the  stimulated  side  perpendicularly,  and  sometimes 
exposes  the  teeth.     (See  Fig.  144.) 

Stimulation  of  the  levator  labii  superioris  alseque  nasi,  on 


Fig.  144.— Contraction  of  the  Levator  Labii  Superioris  Proprius. 


the  side  of  the  bridge  of  the  nose,  produces,  like  the  preceding, 
a  weeping  or  whining  expression.     (See  Fig.  145.) 

In  order  to  produce  complete  contraction  of  the  orbicularis 
oris  four  electrodes  are  necessary,  one  applied  to  each  of  the 
motor  points,  shown  in  Fig.  138,  where  the  branches  of  the 
nerve  enter  the  muscle.  It  is,  perhaps,  better  on  the  whole  to 
stimulate  the  muscle  directly.  Effects :  Its  complete  contraction 
produces  projection  of  the  Hps  (pouting),  and  throws  the  skin 
and  mucous  membrane  into  fine  folds. 

The  buccinator  may  be  stimulated  at  the  inner  border  of 
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Fig.  145.— Conteaction  of  the  Levator  Labii  Stjperioris  Al^que  Nasi, 


Fio.  146.— Contraction  of  the  Buccinator. 
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the  masseter.     Effects :  The  mouth  is  drawn  to  one  side  and  the 
cheek  is  pressed  against  the  gums  and  teeth.     (See  Fig.  146.) 

The  triangularis  menti  may  be  isolated  near  the  angle  of 
the  jaw,  or  may  be  caused  to  contract  jointly  with  the  levator 
menti  by  stimulating  the  common  branch  of  the  facial  running 
to  these  muscles  before  its  division.  Effects :  It  draws  the  angle 
of  the  mouth  and  the  outer  half  of  the  lower  lip  downward  and 
outward,  widening  but  not  opening  the  mouth. 


Fig.  147.— Bilateral  Contraction  of  the  Qttadrattts  Menti. 


The  quadratus  menti  is  best  stimulated  directly,  as  it  is 
difficult  to  isolate  the  nerve  going  to  it.  Effect:  To  draw  the 
respective  sides  of  the  lower  lip  downward  and  outward,  press- 
ing it  against  the  teeth.     (See  Fig.  147.) 

The  levator  menti  may  sometimes  be  stimulated  by  appli- 
cation of  the  electrode  over  the  nerve  after  it  branches  off  from 
the  nerve  supplying  this  muscle  and  the  triangularis,  but  it  is 
usually  better  to  apply  the  electrode  upon  the  muscle  itself  just 
at  the  inner  edge  of  the  quadratus.     Bilateral  contraction  of  the 
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levator  menti  causes  flattening  of  the  chin,  and  partial  ectropium 
of  the  lower  lip.  The  expression  produced  is  that  of  contemptu- 
ous haughtiness.  (See  Figs.  148  and  149.)  Von  Ziemssen 
says,  with  ill-concealed  sarcasm,  that  this  muscle  may  be  con- 
sidered the  interpreter  of  exalted  self-consciousness  in  scientists, 
ofiicials,  and  aristocrats.  He  calls  it  the  "  Geheimraths-muskel." 
— privy-councillor's  muscle. 

The  masseter  and  temporal  muscles  can  be  made  to  con- 


FiG.  148.— Contraction  of  the  Levatok  Menti  (Profile  View). 

tract  only  by  direct  muscular  stimulation,  as  the  nervous  supply 
is  too  deeply  situated  to  be  reached  from  the  surface.  The 
masseter  can  be  stimulated  in  the  sigmoid  notch  of  the  lower 
jaw;  the  temporal  by  one  electrode  on  the  anterior  and  the 
other  on  the  posterior  division  of  the  muscle.  Effect:  Strong 
closure  of  the  mouth  and  chattering  of  the  teeth. 

Contraction  of  the  lingual  muscles  can  be  produced  by 
unilateral  application  of  an  electrode,  on  either  side,  above,  or 
below. 
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The  velum  of  the  palate  can  be  drawn  upward  so  as  to 
close  the  posterior  nares,  by  usmg  two  electrodes. 

The  uvula  can  be  made  to  disappear  almost  entirely  by 
pressing  a  fine  electrode  lightly  against  its  base.  The  azygos 
muscle  contracts  and  the  entire  uvula  seems  to  shrink  up, 
leaving  only  a  small  knob-like  projection. 

By  pressing  an  electrode  against  the  internal  wall  of  the 
pharynx  the  constrictors  can  be  readily  brought  into  play. 


Fig.  149.— Bilateral,  Contraction  of  the  Levator  Menti  (Front  View). 


The  platysma  myoides  receives  its  nerve-supply  from  the 
descending  facial  and  the  cervical  plexus.  In  order  to  produce 
complete  contraction  both  electrodes  must  be  used,  one  being 
placed  over  the  cervical  branch  at  the  middle  of  the  sterno- 
cleido-mastoid  and  the  other  over  the  branches  of  the  facial 
nerve.  In  Fig.  138  these  points  are  indicated  as  "rami  cervical, 
pro  platysmat.,"  and  "rami  subcutan.  colli  n.  facial."  Effect: 
the  depression  between  the  lower  jaw  and  the  clavicle  is  flat- 
tened, and  the  skin  thrown  into  vertical  folds.     The  lower  lip 
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is  drawn  downward,  and  if  the  current  is  strong  the  teeth  are 
exposed.  The  expression  produced  is  that  of  wrath,  fear,  and 
horror,  especially  if  the  frontalis  and  corrugatores  supercilii  are 
caused  to  contract  at  the  same  time. 

The  sterno-cleido-mastoid  can  be  stimulated  to  contraction 
at  the  middle  of  the  upper  half  of  the  muscle.  One-sided  con- 
traction of  this  muscle  causes  twisting  of  the  head  toward  the 
opposite  side  of  the  body  and  the  head  is  bent  downward  side- 
ways, as  is  well  shown  in  Fig.  150. 


Fig.  150.— One-sided  Contraction  of  the  Stekno-cleido-mastoid. 

Bilateral  contraction  causes  projection  of  the  face,  with 
elevation  of  the  chin  and  bending  of  the  cervical  spine. 

The  trapezius  muscle  is  easily  stimulated  to  contraction  by 
placing  the  electrode  over  the  external  branch  of  the  spinal 
accessory  nerve,  which  can  be  readily  reached  from  a  point  near 
the  insertion  of  the  sterno-cleido-mastoid,  running  over  the 
upper  portion  of  this  muscle,  and  outward  toward  the  shoulder, 
as  shown  in  Fig.  138. 
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The  effect  of  bilateral  stimulation  is  shown  in  Fig.  151. 
The  shoulders  are  raised  and  the  scapulae  drawn  toward  the 
spine.     The  skin  of  the  neck  is  thrown  into  large  folds. 

The  levator  anguli  scapulge  is  supplied  by  a  branch  from 
the  fourth  cervical  nerve,  which  can  be  isolated  with  a  fine 
electrode  a  little  below  the  motor  point  for  the  trapezius. 
Effect :  To  raise  the  inner  angle  of  the  scapula,  and  draw  it 
inward  and  forward.  The  superior  and  inferior  clavicular  spaces 
are  converted  into  deep  sulci  and  the  clavicle  rendered  extremely 
prominent. 


Fig.  151.— Bilateral  Contraction  of  the  Trapezius  Muscles. 


The  sterno-thyroid,  omo-hyoid,  and  sterno-hyoid  may  be 
reached  at  the  anterior  border  of  the  sterno-cleido-mastoid  near 
its  middle.  The  two  latter  can  also  be  stimulated  between  the 
two  points  of  origin  of  the  sterno-cleido-mastoid  muscle. 

The  phrenic  nerve  is  found  at  the  outer  border  of  the  sterno- 
cleido-mastoid,  in  front  of  the  scalenus  anticus  and  above  the 
omo-hyoid.  Effect:  Rapid  contraction  of  the  diaphragm,  pro- 
jection of  the  belly,  and  forcible  inspiration.  As  faradization 
of  the  phrenic  nerve    is   a  recognized  procedure  in  suspended 
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respiration,  it  is  important  that  it  should  be  frequently  practiced 
in  order  that  the  method  may  be  familiar  should  the  physician 
be  suddenly  required  to  employ  it.  The  electrodes  (bilaterally) 
should  be  pressed  inward  firmly  behind  the  clavicular  portion 
of  the  sterno-cleido-mastoid. 

The  isolated  electrical  stimulation  of  the  laryngeal  muscles 
is  extremely  difficult  even  to  the  expert  laryngoscopist.  Per- 
cutaneously,  the  crico-thyroids  can  be  thrown  into  strong  con- 
traction by  applying  the  electrodes  on  either  side  of  the  crico- 
thyroid ligament. 

Stimulation  of  the  pneumogastric  nerve  is  uncertain, 
although  a  number  of  authors  assert  its  practicability.  Du- 
chenne  used  an  cesophageal  electrode,  while  others  apply  the 
electrode  at  the  inner  border  of  the  sterno-cleido-mastoid  muscle, 
immediately  below  the  omo-hyoid  muscle. 

The  brachial  plexus  is  easily  stimulated  as  a  whole,  but  the 
isolated  stimulation  of  single  nerves  is  often  difficult.  The  three 
heavy  bars  on  the  side  of  the  neck  show  the  area  for  stimulating 
the  plexus.     (See  Fig.  138.) 

The  posterior  thoracic  nerve  is  reached  near  the  spinal 
accessory  at  the  border  of  the  trapezius.  Its  stimulation  causes 
contraction  of  the  rhomboid  and  serratus  posticus  superior, 
drawing  the  scapula  toward  the  spine  and  upward,  and  slightly 
raising  the  upper  ribs. 

The  lateral  thoracic  nerve  is  stimulated  above  the  clavicle 
near  the  border  of  the  trapezius.  Effect:  contraction  of  the 
serratus  magnus,  drawing  the  scapula  forward. 

The  anterior  thoracic  is  best  reached  below  the  clavicle  and 
at  the  upper  border  of  the  pectoralis  major  muscle.  Its  stimu- 
lation causes  the  upper  arm  to  be  drawn  forcibly  against  the 
chest. 

At  the  upper  end  of  the  middle  bar  (Fig.  138),  showing  the 
surface  for  stimulating  the  brachial  plexus,  is  a  pomt  whence 
a  group  of  muscles  consisting  of  the  deltoid,  biceps,  brachialis 
anticus,  and  supinator  longus  can  be  stimulated  to  contraction. 
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This  was  first  indicated  by  Erb  and  called  by  him  the  supra- 
clavicular point.     It  is  now  generally  known  as  "Erb's  point." 

Motor  Points  of  the  Upper  Extremity. — In  many  persons  the 
axillary  nerve  can  be  reached  at  a  point  just  above  the  clavicle, 
and  a  little  external  to  the  surface  for  the  brachial  plexus. 
Stimulation  of  this  nerve  produces  strong  contraction  of  the 
deltoid  muscle. 

The  musculo-cutaneous  nerve  is  found  in  the  depression 
between  the  coraco-brachialis  and  the  biceps,  or  between  the 
two  heads  of  the  latter.     (See  Fig.  152.)     Stimulation  of  this 

N.  musculo-cutan.      M.  biceps. 


N.  musculo-    Cap.  intern.      N.  media-  N.  ulnaris.      I^ara.  N.  mediani 

cutan.         M.  tricipit.  nus.    M.  brachialis  pro  M.  pronator, 

internus.  teret. 


Fig.  152.— Motor  Points  of  the  Arm. 


nerve  causes  contraction  of  the  biceps  and  brachialis  anticus 
muscles,  flexing  the  forearm. 

The  biceps  alone  is  stimulated  a  little  below  the  point 
above  mentioned,  and  the  brachialis  anticus  about  the  middle 
of  the  arm. 

The  median  nerve  is  found  along  the  entire  length  of  the 
bicipital  groove,  but  can  be  best  stimulated  at  the  lower  third 
of  the  humerus,  where  it  may  be  pressed  against  the  bone.  Its 
stimulation  causes  contraction  in  the  pronator  quadratus  and 
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teres,  flexor  carpi  radialis,  palmaris  longus,  flexor  sublimis  and 
profundus,  the  muscles  of  the  ball  of  the  thumb,  and  the  three 
first  lumbricales.  Efiects :  Strong  pronation  of  the  forearm, 
flexing  the  hand  toward  the  radial  side,  flexing  the  fingers,  and 
opposition  of  the  thumb. 

In  the  forearm  the  median  is  found  superficially  one  inch 
above  the  wrist-joint  between  the  tendons  of  the  flexor  radialis 
and  the  palmaris  longus.  Effects :  Abduction  of  the  thumb 
with  strong  spasm  and  slight  flexion  of  the  first  phalanges  of  the 
index  and  middle  fingers,  and  generally  of  the  ring-finger 
(Fig.  153). 

The  flexor  sublimis  and  profundus  digitorum  cannot  be 
stimulated  alone  through  their  nerves,  but  can  be  directly  caused 
to  contract  at  the  points  marked  in  Fig.  154.     The  flexor  carpi 


Fig.  153.— Effect  of  Stimulation  of  Median  Merve  in  the  Foreaem. 

radialis  and  palmaris  longus  can  be  stimulated  at  points  indi- 
cated. The  flexor  radialis  and  palmaris  longus  can  best  be 
stimulated  through  the  nerves  at  the  points  shown  in  the  figure 
(154).  The  branches  to  the  pronator  quadratus  and  the  flexor 
poUicis  longus  cannot  be  stimulated  owing  to  their  deep  location. 
The  ulnar  nerve  can  be  stimulated  throughout  its  course 
from  the  axilla  to  the  elbow,  but  the  best  point  at  which  to  apply 
the  electrode  is  the  groove  between  the  olecranon  and  the  internal 
condyle  of  the  humerus.  Faradic  stimulation  of  the  nerve  at 
this  point  produces  pain  in  the  area  of  distribution  of  the  branch 
to  the  palmaris  longus  and  the  branches  to  the  dorsal  and  volar 
surfaces  of  the  hands,  as  well  as  contractions  of  the  flexor  carpi 
ulnaris,  flexor  profundus,  palmaris  brevis,  the  interossei,  lumbri- 
cales, adductor  pollicis,  and  the  little-finger  muscles. 
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The  motor  root  for  the  flexor  uhiaris  can  sometimes  be 
isolated  at  its  entrance  into  the  muscle  one  inch  below  the 
internal  condyle.  The  muscle  can  be  directly  stimulated  by 
applying  the  electrodes  immediately  upon  it.  It  draws  the  hand 
toward  the  ulnar  side. 


Bam.  Nervi  med.  pro  M.  pronat.  teret. 

M.  palmaris  longus 


M.  ulnaris  intern..- 


M.  flexor  digitor.  sub- 1 
lim.{digitt.IIetIII); 


N.  ulnaris    

suHim. 
(digitt.  indicis  et  minimi) 


M.  flexor  digitor.  suHim.  \ 


Ram.  volar,  profand.  Nerri  ulnar  , 

M.  palmaris  brevis  ^  '"i 

M.  abductor  digit,  min 
M.  flexor  digit,  min 
M.  opponens  digit,  min I 


Mm.  lumbricales 


n,  ni  et  ivi  ^  -| 


4.  M.  radialis  intern. 
M.  flexor  digitor.  profiind. 

1%  M.  flexor  digitor.  sublim. 


•^  M.  flexor  poUic.  long. 
hiV— M . ..  N.  medianus. 

.«M.  abductor  polUcis  brevis. 

_m  M.  opponens  polUcis. 

>ij.   — «.4M.  flexor  pollicis  brevis. 
i.i|M.  adductor  pollicis. 
T'.M.  lumbricaUB  I. 


Fig.  154.— Motor  Points  of  Forearm. 

In  the  lower  part  of  its  course  the  idnar  nerve  is  easily 
found  on  the  radial  side  of  the  tendon  of  the  flexor  carpi 
ulnaris  (Fig.  154).  Its  stimulation  produces  contraction  of  the 
muscles  of  the  hand  above  mentioned,  and  causes  the  hollowing 
of  the  hand,  adduction  of  the  thumb,  flexion  and  opposition  of 

12 
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the  little  finger,  and  moderate  flexion  of  the  remaining  fingers 
at  the  metacarpo-phalangeal  joints. 


Fia.  155.— Contraction  of  the  Opponkns  Pollicis. 

The  abductor,  flexor,  and  opponens  minimi  digiti  are  all 
three  found  in  close  proximity  near  the  ulnar  border  of  the  palm, 
the  latter  being  farthest  inward  and  forward.     (See  Fig.  154.) 


Caput,  extern.  M.  tricipit. 


N.  radialis 
M.  brachialis  int. 


M.  supinator  long 

M.  radialie  externus  long.—.—- _ 


M.  radialis  extern,  brev. 


Fig.  156.— Motor  Points  of  the  Ar^i.    (Extensor  Surface.) 

The  motor  point  for  the  palmaris  brevis  is  found  a  httle  farther 
back  and  inward. 
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The  muscles  of  the  ball  of  the  thumb — abductor  pollicis 
brevis,  opponens  pollicis,  and  flexor  pollicis  brevis — are  easily- 
stimulated  through  the  nerves.  Fig.  154  shows  the  motor 
points.  The  effect  of  contraction  of  the  opponens  pollicis  is 
shown  in  Fig.  155. 


M.  supinator  long, . 

M.  radialis  extern.  long,  — 

M.  radialis  extern,  brevis 

f 
M.  extensor  digitor.  communis  ■( 


M.  extensor  indie,  propr. 

M.  extensor  indicis  propr.  et  M.  \ 

abductor  pollicis  longus  j 

SI.  abductor  pollicis  longus 


M.  extensor  pollicis  brevis 
M.  flexor  pollicis  longus 


M.  inteross.  dorsalis  I 
M.  inteross.  dorsalis  II 
M.  inteross.  dorsalis  III 


■'  --  M.  ulnaris  externus. 


-1'*  — M.  extensor  digit,  min.  propr. 


M.  extensor  indicis  propr. 
M.  extensor  pollicis  longus. 


-  .  M.  abductor  digit,  min. 
..  M.  inteross.  dorsalis  IV. 


Fig.  157.— Motor  Points  of  the  Extensor  Surface  of  Forearm  and  Hand. 


The  lumbricales  are  reached  at  the  points  indicated  in  Fig. 
154.  Their  stimulation  produces  slight  flexion  of  the  first 
phalanges  and  twisting  of  the  fingers  toward  the  ulnar  side  of 
the  hand.  The  fourth  and  fifth  lumbricales  of  violin-players 
give  a  specially  good  reaction  on  account  of  the  development 
of  these  muscles  in  such  persons. 
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The  other  palmar  muscles  are  difficult  to  isolate  and  stim- 
ulate singly  to  contraction. 

The  radial  nerve  can  be  stimulated  at  a  point  midway  be- 
tween the  insertion  of  the  deltoid  and  the  external  condyles  of 
the  humerus  (Fig.  156).  Its  stimulation  causes  pain  in  the 
area  of  distribution  of  the  superficial  radial  to  the  dorsal  surfaces 
of  the  fingers,  and  contraction  of  the  supinator  brevis,  extensor 
carpi  radialis  longus  and  brevis,  extensor  carpi  ulnaris,  extensores 
communis,  indicis,  minimi  .digiti,  poUicis  longus  and  brevis,  and 
adductor  poUicis.  The  effect  is  supination  of  the  forearm,  with 
extension  of  the  hand  and  thumb  and  extension  of  the  first 
phalanges  of  the  fingers,  the  remaining  phalanges  being  partly 
flexed. 


Fig.  158.— Stimulation  of  the  Abductor  Pollicis  Longus. 


The  extensor  carpi  radialis  longior  can  only  be  stimulated 
by  direct  electrization,  as  the  nerve  is  too  deeply  situated  to 
respond  to  the  current. 

The  supinator  brevis,  extensor  carpi  radialis  brevis,  extensor 
carpi  ulnaris,  anconeus,  and  extensor  communis  are  likewise  only 
accessible  to  direct  electrical  stimulation.     (See  Figs.  156,  157.) 

The  abductor  pollicis  longus  is  stimulated  about  midway 
between  the  elbow  and  wrist  near  the  radial  border  of  the  fore- 
arm (Fig.  157).  Its  action  is  to  abduct  the  thumb,  leaving  the 
last  phalanx  partly  flexed  (Fig.  158). 

The  extensor  indicis  is  reached  a  little  above  the  point  for 
the  abductor  pollicis,  and  between  these  two  is  a  common  motor 
point  for  both  muscles. 
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The  extensor  minimi  digiti  can  rarely  be  stimulated  alone 
through  the  nerve,  but  contraction  can  be  produced  by  sending 
the  current  directly  through  the  muscle.  The  point  is  a  little 
above  the  middle  of  the  forearm  near  the  ulnar  border. 

Motor  Points  of  the  Trunkal  Muscles. — The  action  of  the 
intercostal  muscles  is  to  raise  the  ribs  during  inspiration.  How- 
ever, owing  to  the  superposition  of  other  muscles,  the  former 
cannot  be  isolated  and  their  actions  separately  studied  in  the 


M.  Rectus  abdominis 
(Nervi  intercostales 
abdominales). 


M.  serrat.  magn. 
il.  latissiou  dorsL 


M.  obliqmis  abdom. 
externus  (Nervi  in- 
tercostales abdom.). 


/  M.  transvfirsus 
\    abdominis. 


Fig.  159.— Motor  Points  of  the  Abdominal  Muscles. 

normal  condition.  By  pressing  the  electrode  firmly  against  the 
lower  border  of  the  ribs  the  muscles  for  that  interspace  will  be 
thrown  into  contraction. 

The  motor  points  for  the  recti  muscles  of  the  abdomen  are 
four  or  five  in  number.  Simultaneous  stimulation  of  all  these 
points  causes  flattening  of  the  abdomen.  When  those  above 
the  umbilicus  are  alone  stimulated  the  abdominal  wall  is  drawn 
upward ;  when  those  below  are  stimulated  the  wall  is  drawn 
downward. 
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The  external  oblique  muscle  has  four  or  five  points  laterally 
above  the  umbilicus,  (See  Fig.  159).  The  action  is  to  flatten 
the  lateral  abdominal  walls. 

The  transversahs  muscle  of  the  abdomen  can  be  stimulated 
at  the  anterior  border  of  the  quadratus  lumborum  just  above  the 
crest  of  the  ilium. 

The  internal  oblique  is  reached  above  the  anterior  superior 
ihac  spine  and  just  in  front  of  the  point  for  the  transversahs. 

The  latissimus  dorsi  can  easily  be  stimulated  directly,  but 
the  points  of  nerve-supply  are  extremely  difficult  to  find. 

Motor  Points  of  the  Lower  Extremity. — The  motor  points  of 
the  lower  extremity  are  usually  found  over  the  muscles  them- 
selves, and  contraction  of  the  latter  can  be  most  easily  produced 
by  direct  stimulation.  The  principal  branch  of  the  crural  nerve 
which  supplies  the  extensor  muscles  of  the  thigh  can  be  isolated 
at  the  inner  border  of  the  rectus  femoris  about  the  middle  of  the 
thigh.  Its  stimulation  causes  contraction  of  all  the  extensors  of 
the  thigh  (quadriceps  femoris). 

The  rectus  can  be  stimulated  at  a  point  a  little  external  to 
the  last.  The  electrode  is  pushed  under  the  inner  border  of  the 
muscle.  The  vastus  externus  may  be  stimulated  through  two 
points  on  the  outer  border  of  the  thigh  a  few  inches  above  the 
knee. 

The  cnu'aeus  is  found  at  the  inner  border  of  the  sartorius 
at  the  junction  of  the  middle  and  lower  thirds  of  the  thigh, 
and  the  vastus  internus  along  the  inner  border  of  the  sartorius 
in  the  lower  third.  The  sartorius  is  stimulated  at  the  apex  of 
Scarpa's  triangle.  Two  electrodes  should  be  used,  one  at  the 
point  mentioned  and  the  other  on  the  lower  half  of  the  muscle. 

The  tensor  vaginae  femoris  (tensor  fasciae  latae)  derives  its 
nerve-supply  from  two  sources,  the  superior  gluteal  and  the 
crural  nerves.  The  muscle  presents  two  motor  points,  one  near 
the  outer  border  of  the  thigh  directly  outward  from  the  exit  of 
the  crural  nerve,  and  the  other  somewhat  lower  and  fartlier 
inward.     (See  Fig.  160.) 
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N.  cnirali3-^--j77,T-,-^^/ 

M.  adductor  longus mil  lm//i 

Ram.  N.  crnralis  pro  M.  quadricipit mmjl/i^ 

1.  cruralis — mmWiJifi 

Ram.  N.  cruralis  pro  M.  vasto  int.-  -  ---'-Wtf^ 

ffl 

k ., 
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M.  tensor  fasciae  lat.(Ram.  N.  glutaei  sup.). 
M.  tensor  fasciae  lat.  (Ram.  N.  cruralis). 
M.  rectus  femor. 

M.  vastus  extern. 
-— M.  vastus  extern. 


Fig.  160.— Motor  Points  of  the  Thigh. 


Ram.  inf.  N.  glut.  inf.  pro  M.  glut,  maxim. . .  .j 
N.  ischiadicus .  _ 
M.  biceps  (Caput  longum)  ■>-•] 

M.  biceps  (Caput  breve)-* 


N.  tibialis  -  - 

N.  peroneus  - ' 

M.  gastrocnem.  extern.--- 

M.  soleus  — . 


^,  M.  adductor  magnus. 
L— .M.  semltendinosus. 
~-'M.  semimembranosus. 


M.  gastrocnem.  intemus. 


Fig.  161.— Motor  Points  of  Back  of  Thigh. 
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The  obturator  nerve  can  be  found  over  the  obturator  fora- 
men. Its  stimulation  produces  adduction  of  the  thigh.  Of  the 
branches  of  the  obturator  nerve,  those  going  to  the  adductores 
brevis,  longus,  and  magnus,  and  to  the  graciUs,  may  sometimes 
be  singly  stimulated  to  contraction. 

The  sciatic  nerve  (Fig.  161)  is  reached  with  a  strong  cur- 


M.  peroneus  longus 
M.  tibialis  anticus 


M.  extens.  halluc.  longus  — 


Ram.  N.  peron.  prof.  pro.  M. 

extens.  digitor.  brer. 


Mm.  interossei  pedis  dorsales 


N.  peroneus. 

M.  gastrocnem.  extern. 


M.  extensor  digitor.  communis 
longus. 


•  M.  peroneus  brevis. 
« M.  soleus. 


—  •  M.  flexor  hallueis  longng. 


M.  extensor  digitor.  communis 
brevis. 


^^^•••M.  abductor  digit!  minimi  ped. 


Fig.  162.— Motok  Points  of  Ottter  Side  op  the  Leg. 


rent  and  large  electrode  applied  between  the  trochanter  major 
and  the  tuber  ischii.  Its  stimulation  produces  contraction  in  the 
flexor  muscles  of  the  leg  and  foot,  and  pain  in  the  area  of  distri- 
bution of  the  sensitive  fibres. 

The  heads  of  the  biceps  are  each  supplied  with  a  branch 
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of  the  sciatic  nerve.  That  going  to  the  long  head  is  reached  in 
the  middle  of  the  thigh,  just  under  the  fleshy  part  of  the  but- 
tock. The  short  head  is  reached  lower  down  and  nearer  the 
outer  border  of  the  thigh. 

The  semi-tendinosus  and  semi-membranosus  muscles  may 
be  stimulated  at  the  same  height  as  the  long  head  of  the  biceps, 
but  nearer  the  inner  border  of  the  thigh. 


M.  gastrocnemius  iiitemus< 
M.  aoleus- 


M.  flexor  digitor.  communis  longus  -- — 


M.  abductor  hi 


Fig.  163.— Motor  Points  of  Back  of  Leg  and  Inner  Border  of  The  Foot. 

The  peronei,  tibialis  anticus,  extensor  communis  longior  et 
brevior  and  extensor  hallucis  longus  are  stimulated  to  contrac- 
tion through  the  peroneal  nerve,  which  is  reached  where  it 
crosses  the  posterior  aspect  of  the  head  of  the  fibula. 

The  tibialis  anticus  can  also  be  isolated  through  a  motor 
point  about  three  and  a  half  inches  below  the  head  of  the  fibula. 
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(See  Fig.  162.)  Its  stimulation  produces  strong  dorsal  flexion 
of  the  foot,  with  a  slight  outward  turn. 

The  extensor  communis  longus  is  found  parallel  to  the 
tibialis  anticus,  but  a  little  farther  outward. 

The  posterior  leg-muscles  can  be  stimulated  to  contraction 
by  placing  the  electrode  over  the  posterior  tibial  nerve  in 
the  pophteal  space.  The  nervous  branches  to  the  individual 
muscles  are  difficult  to  isolate,  but  the  motor  points  for  intra- 
muscular stimulation  are  indicated  in  Figs.  162  and  163. 


CHAPTER  11. 

Electro-Diagnosis. 

Both  the  faradic  and  galvanic  currents  are  used  for  diag- 
nostic purposes  in  pathological  conditions  of  nerves  and  muscles. 

When  the  faradic  current  is  employed  it  is  of  little  conse- 
quence which  pole  is  used,  as  the  reaction  of  the  nerve  and 
muscle  is  the  same  in  quality  for  both  poles.  The  secondary 
spiral  acts,  however,  with  greater  intensity,  and  is  for  this 
reason  usually  employed. 

On  the  other  hand,  when  the  galvanic  or  constant  current 
is  used,  the  selection  of  the  pole  to  which  the  testing  electrode 
is  attached  is  of  the  greatest  importance.  This  will  be  readily 
appreciated  when  it  is  borne  in  mind  how  differently  the  two 
poles  act  upon  nerve  and  muscle,  or  upon  the  organs  of  special 
sense,  in  their  normal  condition. 

The  diagnosis  of  morbid  conditions  of  nerves  and  muscles 
by  means  of  the  electric  current  demands  certain  special  quali- 
ties in  the  physician  that  will  have  been  appreciated  perhaps  by 
those  who  have  read  the  preceding  sections  of  this  work.  The 
electro-diagnostician  must  have  a  good  practical  knowledge  of 
the  apparatus  employed,  and  he  must  be  familiar  with  the  loca- 
tion of  the  various  motor  points  of  muscles,  and  of  the  effects 
produced  when  these  are  stimulated  in  their  normal  condition. 

The  pathological  conditions  which  modify  the  normal  reac- 
tions and  the  nature  of  these  modifications  will  be  described  in 
this  chapter. 

In  order  to  permit  the  comparison  of  different  observations 
the  same  apparatus — batteries,  electrodes,  galvanometers,  rheo- 
stats, etc. — should  always  be  used.  Care  must  be  taken  that  the 
connections  in  the  circuit  are  tight  and  without  insulation,  and, 

(187) 
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unless  previously  determined,  the  anode  and  cathode  should  be 
found  by  experiment  and  appropriately  marked. 

The  electrodes  most  suitable  for  testing  are  the  so-called 
"normal"  electrode  of  Erb  and  the  "unit"  electrode  of  Stintzing. 
The  former  has  an  area  of  ten  square  centimetres  and  the  latter 
three  square  centimetres.  With  the  latter  finer  work  in  isolating 
nerves  lying  close  together  can  be  done,  but  its  use  requires  an 
exactness  of  anatomical  knowledge  which  is  not  very  common. 
Hence,  for  practical  purposes  the  normal  electrode  of  Erb  will 
give  greater  satisfaction. 

The  testing  electrode  should  have  a  key  for  closing  and 
opening  the  circuit  conveniently  in  the  handle.  More  compli- 
cated electrodes,  such  as  contain  commutator  and  rheostat  in 
the  handle,  are  not  desirable,  since  they  are  liable  to  get  out  of 
order,  and  are  either  cumbersome  or  untrustworthy. 

As  the  indifferent  electrode,  the  large,  "indifferent"  elec- 
trode of  Erb  may  be  used.  The  size  of  this  is  not  very  im- 
portant, but  it  should  be  sufficiently  large  to  diffuse  the  current 
so  as  to  cause  no  reaction  at  the  point  where  it  is  applied.  The 
point  of  application  should  always  be  the  same,  the  sternum 
being  generally  selected  by  electro-therapeutists  on  account  of 
convenience,  absence  of  points  of  irritation,  and  equability  of 
surface. 

In  testing  the  irritability  of  nerves  and  muscles  for  diag- 
nostic purposes,  a  regular  programme  should  be  adopted  and 
always  followed.  This  soon  becomes  habitual,  and  errors  and 
omissions  more  rarely  occur  than  when  an  irregular  course  is 
followed. 

Supposing  the  case  presented  for  diagnosis  were  a  one-sided 
lesion  of  the  facial  nerve,  the  electrical  reactions  of  the  nerve 
and  muscles  of  the  sound  side  should  first  be  tested,  beginning 
with  the  faradic  current  and  then  testing  with  the  galvanic  cur- 
rent. After  determining  seriatim  the  electrical  reactions,  both 
faradic  and  galvanic,  on  the  sound  side,  and  entering  them  upon 
an  appropriate  record-blank,  the  same  course  should  be  gone 
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through  with  on  the  diseased  or  injured  side,  following  the  same 
order  of  proceeding. 

The  reason  for  using  the  faradic  current  first  is  this :  The 
passage  of  the  induced  current  has  little,  if  any,  influence  upon 
resistance  (or  conductivity)  of  the  epidermis,  while  the  galvanic 
current  invariably  reduces  this  resistance  after  passing  a  short 
time.  It  is  evident  that  when  the  resistance  is  diminished  a 
weaker  current  would  produce  the  reaction  tested  for  in  the 
nerves  and  muscles.  This  would  cause  confusion  in  the  records, 
and  the  practitioner  would  not  be  able  to  compare  the  reactions 
given  from  day  to  day,  or  week  to  week.  Hence,  the  importance 
of  having  a  regular  scheme  or  programme  for  electro-diagnostic 
examinations  which  should  be  adhered  to  in  daily  practice. 

In  testing  with  the  faradic  current  the  secondary  coil  should 
be  used.  The  strength  of  current  is  noted  upon  the  scale 
affixed  to  the  sledge  induction  apparatus.  This  scale  is  usually 
divided  into  millimetres,  and  indicates  the  distance  to  which  the 
outer  coil  is  made  to  slide  over  the  inner.  The  German  authors 
call  this  distance  "Rollenabstand,"  and  indicate  it  by  the  symbol 
Ka.  We  may  caU  it  "coil  distance,"  and  use  C.  D.  as  a  symbol. 
Thus,  in  the  apparatus  used  by  the  writer  the  total  coil  distance 
possible  is  150  mm.  In  other  words,  when  the  outer  or  second- 
ary coil  is  drawn  completely  out  so  as  to  uncover  the  primary 
coil  throughout  its  whole  extent  the  distance  between  the  begin- 
ning of  the  primary  and  of  the  secondary  coils  is  150  mm.  This 
point  of  total  separation  is  the  zero  point  of  the  secondary  cur- 
rent. In  order  to  strengthen  the  secondary  current  the  outer 
spiral  is  shoved  over  the  inner  coil,  and  as  the  distance  is  dimin- 
ished the  strength  of  current  is  increased.  When  the  primary 
current  of  the  induction  coil  is  employed  the  weakest  current  is 
obtained  with  the  C.  D.  at  zero ;  in  other  words,  when  the  outer 
coil  completely  covers  the  inner  one.  When  the  secondary  cur- 
rent is  employed  this  condition  of  things  is  reversed,  and  when 
the  coils  completely  cover  each  other,  when  the  C.  D.  is  0,  the 
current  is  at  its  greatest  strength. 
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The  following  tabular  presentation  will  perhaps  make  this 
a  little  clearer : — 

PRIMARY   CURRENT.  SECONDARY   CURRENT. 

C.  D.  0  mm.  =  weakest  current. 
C.  D.  150  mm.  =stroncrest  current. 


C.  D.  0  mm.  =  strongest  current. 
C.  D.  150  mm.  =  weakest  current. 


On  the  instrument  used  by  the  writer  there  is  a  double 
scale,  which  is  read  so  as  to  indicate  the  weakest  current  by 
0  mm.  and  the  strongest  150  mm.  for  each  current.  This  sim- 
plifies the  recording  of  results,  but  to  make  the  record  absolutely 
exact  the  number  of  millimetres  coil  distance  should  have  a 
letter  or  symbol  appended  indicating  whether  the  current  is  pri- 
mary or  secondary.  Thus,  if  contraction  were  produced  by  a 
current  of  25  mm.  coil  distance  of  the  secondary  current  it 
might  be  written  25  mm.  C.  D.  s.  If,  on  the  other  hand,  the 
current  was  the  primary  one  and  the  coil  distance  30  mm.,  we 
should  write  30  mm.  C.  D.  p. 

The  practical  difference  in  the  effects  of  the  induction 
machine  deserves  the  most  careful  attention  of  the  physician  who 
busies  himself  at  aU  with  electricity.  Careless  handling  of  the 
electrodes  when  the  C.  D.  indicates  the  maximum  strength  of 
current  may  give  a  shock  that  is  not  only  painful  but  under 
some  conditions  dangerous. 

The  strength  of  the  induced  current  depends  upon  the 
battery,  the  number  and  size  of  the  spirals  in  the  coil,  the  size 
and  resistance  of  the  wire,  the  insulation,  the  length  and  thick- 
ness of  the  coil,  and  certain  other  conditions  more  fully  pointed 
out  in  the  first  part  of  this  work.     (See  page  87.) 

It  will  be  evident,  on  careful  consideration  of  the  conditions 
governing  the  construction  and  operating  of  the  induction  coil, 
that  it  is  extremely  difficult  to  construct  two  instruments  of 
identical  qualities  as  regards  strength  of  current,  etc.  Hence 
differences,  slight  or  great,  are  always  to  be  assumed  between 
any  two  induction  apparatuses.  For  this  reason  the  results  ob- 
tained from  one  instrument  are  not  exactly  comparable  with 
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another.  The  record  of  the  C.  D.  in  testing  the  reaction  in  any 
case  is  simply  for  the  purpose  of  comparing  the  results  obtained 
with  subsequent  tests  in  the  same  case  and  on  the  same  nerve 
or  muscle. 

Even  if  the  instruments  were  standardized  so  as  to  admit 
of  comparison  of  observations,  the  varying  resistance  of  the  skin 
and  other  tissues  of  different  individuals,  and  of  the  same  indi- 
vidual at  diiferent  times,  would  be  an  effective  bar  to  the  exact 
comparison  of  results  unless  the  resistance  of  the  skin  in  each 
case  were  likewise  determined  and  noted,  with  the  size,  position, 
and  degree  of  moisture  of  the  electrodes  used. 

The  desirability,  however,  of  having  some  sort  of  standard 
induction  apparatus  with  which  others  could  be  compared  has 
led  the  Electrical  Congress  of  Paris,  of  1881,  to  suggest  a  nor- 
mal or  standard  apparatus  of  the  following  dimensions.  The 
galvanic  generator  is  a  single  Daniell's  cell.  The  various  parts 
of  the  apparatus  are  as  follows  : — 


Primary  Coil. 

Secondary  Coil. 

Length  of  spool  (excluding  wooden 

frame),         .....       88  mm. 

65      mm. 

Diameter  of  spool,     .         .         .         .       36     " 

68        " 

Diameter  of  wire,       .         .         .         .         1     " 

0.25  " 

Number  of  turns  of  wire,  .         .         .     300 

5000 

Layers  of  wire, 4 

28 

Resistance,  primary  coil,  about  1.5  Siemens'  units ;  secondary 
coil,  about  300  Siemens'  units. 


When  this  standard  machine  is  used  the  same  C.  D.  should 
give  approximately  the  same  results,  other  conditions  being 
equal. 

Stintzing  has  endeavored  to  determine  the  average  faradic 
irritability  for  different  nerves,  in  order  to  furnish  a  standard  of 
what  may  be  called  a  "  normal  reaction "  for  comparison.  By 
using  the  same  coil  and  battery  and  his  "  unit  electrode  "  of  three 
square  centimetres  contact  surface  he  constructed  the  following 
table  of  average  values  in  coil  distance : — 
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Mathematically  expressed,  he  finds  the  density  of  current 
{D)  equal  to  the  coil  distance  in  millimetres  divided  by  the 
electrode  of  three  square  centimetres  contact  surface,  or,  accord- 
ing to  the  equation, 

X  mm.  CD.    ^ 

^2  cm. 

The  following-  table  of  the  average  faradic  irritability  is 
from  Stintzing.  The  notation  is  on  the  German  scale,  using  the 
secondary  current.  The  second  column  of  figures  gives  the 
values  translated  into  readings  on  the  double  scale,  as  found  on 
some  American-made  coils  (0  mm.  C.  D.  =  0  current),  the 
maximum  length  of  the  scale  being  150  mm. 


Nerve. 

CD. 
(Stintzing.)* 

C.  D.  s. 
(American  Scale. )t 

Spinal  accessory      ...,,.. 
Musculo-cutaneous . 

137.5 
135. 

12.5 
15. 

Mental  branch  of  facial 

132.5 

17.5 

Ulnar  (above  olecranon) 

Frontal  branch  of  facial  ..... 

130. 
128.5 

20. 
22.5 

Zygomatic  branch  of  facial  .... 

125. 

25. 

Median 

122.5 

27.5 

Facial  (main  trunk) 

Ulnar  (at  olecranon) 

Peroneal 

121. 

118.5 

115, 

111.5 

29. 

31.5 

35. 

Crural 

38.5 

Tibial 

107.5 
105. 

42.5 

Radial    . . 

45. 

It  must  be  remembered  that  the  results  obtained  from  two 
different  instruments  cannot  be  compared  with  each  other,  but 
every  one  can  determine  on  one  or  more  cases  the  divergence  of 
his  own  instrument  from  the  above  table  of  normal  averages, 
and  use  the  same  as  a  factor  for  correcting  his  observations. 

In  like  manner  to  the  above,  Stintzing  has  determined  the 
galvanic  irritability  of  certain  nerves  to  be  used  as  standards  for 
comparison.     The  current  strength  is  indicated  in  milliamperes. 

*  0  mm.  C.  D.  =  maximum  current.    1.50  mm.  C.  D.  =  0  current, 
t  0  mm.  C.  D.  =  0  current.    150  mm.  U.  D.  =  maximum  current. 
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The  formula  for  computing  these  results  is  similar  to  the 
one  employed  in  determining  the  faradic  irritability,  using  the 
number  of  milliamperes  as  a  numerator  in  the  equation : — 


X  ma. 
3^  cm. 


D. 


It  will  be  noticed  that  the  different  nerves  react  differently 
to  the  galvanic  and  faradic  currents. 


Nekve. 

Max.     and    Min.    Galvanic 
Irritability   in    Milliam- 
peres. 

Max.    Difference    on 
the  Two  Sides  of 
the  Body. 

Musculo-cutaneous 

0.04  to  0.28 

0.19 

Spinal  accessory 

0.10  to  0.44 

0.15 

Ulnar  (above  olecranon)  .     .     . 
Median 

0.2 
0.3 

to  0.9 
to  1.5 

0.6 
0.6 

Mental  branch  of  facial    .     .     . 

0.5 

to  1.4 

Crural 

0.4 

to  1.7 

0.6 

Peroneal 

0.2 

to  2.0 

0.5 

Zygomatic  branch  of  facial  .     . 

0.8 

to  2.0 

Frontal  bi'anch  of  facial  .     .     . 

0.9 

to  2.0 

O.T 

Tibial 

0.4 
0.6 

to  2.5 
to  2.6 

1.1 

Ulnar  (at  olecranon)    .... 

0.7 

Facial  (main  trunk)     .... 

1.0 

to  2.5 

1.3 

Radial 

0.9 

to  2.7 

1.1 

Lewandowski  also  gives  a  brief  table,  showing  the  current 
required  for  producing  all  the  phenomena  of  the  complete  law 
of  contraction,  noting  the  current  in  milliamperes.  The  testing 
electrode  was  the  "normal  electrode"  of  Erb  (10^  cm.): — 


Ulnar  Nerve. 

Radial  Nerve. 

Median  Nerve. 

Ca.  CI.  C 

1.0 

1.8 

0.8 

An.  0.  C 

2.5 

3.7 

1.0 

An.  CI.  C 

1.3 

3.5 

0.9 

Ca.  Te 

4.3 

7.8 

4.0 

Ca.  0.  C 

4.9 

9.0 

6.0 

The  density  of  the  current  is  proportional  to  its  strength 
and  inversely  proportional  to  the  area  of  the  electrode  at  the 
point  of  application  to  the  surface  of  the  body.     It  must  not  be 
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forgotten,  however,  that  we  cannot  by  any  means  at  present  at 
our  command  determme  the  density  of  the  current  at  its  point 
of  entry  into  the  nerve ;  hence,  while  measurements  of  current 
strength,  as  in  the  preceding  tables,  are  of  a  certain  value  as 
guides  in  practice,  they  teach  us  nothing  of  the  current  density 
required  to  stimulate  the  nerve  itself  to  contraction. 

The  beginner  in  electro-diagnosis  should  not  operate  too 
long  on  the  same  nerve  at  a  sitting,  because  the  reduction  of 
resistance  resulting  from  prolonged  passage  of  the  galvanic 
current  apparently  increases  the  irritability  of  the  nerves,  and  is 
hence  liable  to  lead  to  incorrect  conclusions.  The  motor  points 
should  first  be  found  and  determined  with  the  faradic  current 
and  marked  on  the  skin  with  an  indelible  pencil,  in  order  to 
render  renewed  search  for  them  unnecessary.  The  patient 
should  always  be  examined  in  the  same  position,  which  should 
be  the  horizontal  in  most  cases. 

In  addition  to  the  clinical  history  of  the  case,  the  electrical 
irritability  in  cases  where  this  is  determined  should  be  entered 
in  a  special  record.  The  form  devised  by  von  Ziemssen,  and  in 
use  in  the  hospital  in  Munich,  seems  to  be  practically  arranged. 
Each  page  of  the  record  is  divided  into  six  spaces,  each  of  which 
can  be  appropriated  for  a  nerve  or  muscle  tested.  At  the  right 
hand  at  the  top  of  the  sheet  is  a  space  for  the  name,  and  at  the 
left  a  space  for  the  diagnosis.  Above  the  upper  line  the  form 
is  divided  into  three  divisions,  the  centre  one  being  for  the  name 
of  the  nerve  or  muscle  and  the  size  of  the  testing  electrode, 
while  the  side  divisions  are  marked  "right"  and  "left"  respect- 
ively. The  body  of  the  form  is  divided  into  six  columns,  the 
first  being  for  the  date,  the  second  and  sixth  being  for  remarks 
descriptive  of  the  nature  of  the  contraction  produced  by  the 
galvanic  current,  sensibility,  mechanical  irritability,  etc.  The 
upper  division  of  the  third  and  fifth  columns  gives  the  coil  dis- 
tance at  which  faradic  irritability  is  manifested,  while  the  lower 
division  of  the  same  columns  shows  the  number  of  milliamperes 
of  current  required  to  produce  the  galvanic  contraction  formula. 
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Various  forms  of  charts  are  also  used  by  electro-therapeu- 
tists to  record  graphically  the  reactions  of  nerves  and  muscles. 
The  following  are  from  Erb's  classical  work  on  "  Electro- 
Therapeutics."  The  references  at  the  side  of  the  chart  show 
with  sufficient  definiteness  the  meaning  of  the  different  curves. 


9      10     11      21 


Motility.! 
Galv.  muscular  reaction 


Faradic  muscular  reaction. 


Galv.  and  farad,  reaction  of  nerve. 


Motility. 

Galv.  muscular  reaction. 

Faradic  muscular  reaction. 

Galv.  and  farad,  reaction  of  nerve. 


Fig.  164.— Cases  of  Paralysis,  with  Eaely  Retuen  of  Volttntaey  Motion. 

*  The  asterisk  shows  the  date  of  reappearance  of  the  power  of  voluntary  motion.    The  fig- 
ures at  the  top  of  the  chart  indicate  the  number  of  weeks  the  case  is  under  observation. 
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The  qualitative  differences  of  galvanic  reaction  (E..  D.)  can 
also  be  shown  by  means  of  charts,  several  of  which  are  shown 
in  Fig.  165.  The  first  tracing  shows  the  relations  between  the 
Ca.  CI.  C.  {Ka)  and  the  An.  CI.  C.  {An)  in  the  healthy  nerve ; 
the  second  shows  the  degeneration  of  the  nerve  and  reversal  of 
the  law  of  contraction,  An.  CI.  C.  {Aii)  being  much  stronger 
than  Ca.  CI.  C.  {Ka),  which  is  almost  inappreciable.  The  third 
tracing  shows  the  effect  of  a  stronger  current  in  the  same  case. 
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Fig.  165. 


The  alterations  of  electrical  irritability  of  nerve  and  muscle 
produced  by  disease  may  be  classed  under  three  heads,  viz: — 

1.  Quantitative,  or  an  increase,  diminution,  or  total  disap- 
pearance of  electrical  irritability  to  one  or  both  currents. 

2.  Qualitative,  consisting  in  a  modification  in  kind  of  the 
normal  reactions  of  nerve  and  muscle  to  electric  currents.  This 
is  the  so-called  "  reaction  of  degeneration." 

3.  Mixed,  or  combinations  of  quantitative  and  qualitative 
variations  of  irritability.  This  class  may  also  be  included  under 
the  consideration  of  reaction  of  degeneration. 

These  three  classes  of  modified  electrical  irritability  wiU 
now  be  discussed  more  in  detail. 
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I.    QUANTITATIVE   CHANGES  IN   ELECTRICAL   IRRITABILITY. 

Increased  Electrical  Irritability. — Increase  of  faradic  irri- 
tability is  present  in  tabes  dorsalis  and  tetany.  The  contraction 
follows  the  passage  of  a  much  weaker  current  than  is  required 
to  produce  contraction  normally.  Stintzing's  standards  of 
faradic  irritability  may  be  used  for  comparison. 

Galvanic  irritability  is  increased  in  the  following  diseases : 
Fresh  hemiplegias  with  phenomena  of  motor  irritation,  spasms, 
contractures,  beginning  acute  and  subacute  myelitis,  hemichorea, 
tetany,  various  stages  of  tabes  dorsalis,  progressive  muscular 
atrophy  (considerable  increase  in  non-atrophic  and  perfectly- 
functioning  motor  areas),  peripheral  paralysis,  early  stage  of 
rheumatic  and  facial  paralysis,  and  beginning  neuritis. 

Diminished  Electrical  Irritability. — This  is  very  frequently 
present  in  the  most  varied  affections  of  the  motor  apparatus.  The 
faradic  irritability  may  vary  greatly  at  different  portions  of  the 
same  nerve.  No  satisfactory  explanation  can  yet  be  given  of  this 
phenomenon.  Thus,  Erb  found  in  one  case  the  difference  of 
C.  D.  to  rise  from  the  normal  difference  of  10  to  20  mm.  to  42 
to  55  mm.     In  another  case  the  difference  was  even  greater. 

Faradic  and  galvanic  irritability  are  usually  diminished  in  the 
same  proportion,  although  in  some  cases  the  faradic  increase  is 
combined  with  galvanic  decrease,  and  vice  versa.  Diseases  in 
which  the  electrical  irritability  is  diminished  are :  progressive  my- 
elitis, advanced  tabes  dorsalis,  spastic  spinal  paralysis,  multiple 
sclerosis,  brain  tumors,  advanced  cerebral  hemiplegia  (on  the 
paralyzed  side),  progressive  bulbar  paralysis,  in  melancholia  and 
paralytic  dementia,  progressive  muscular  atrophy,  true  and 
pseudo-hypertrophy  of  muscles,  acute  and  chronic  poliomyeli- 
tis, multiple  neuritis,  amyotrophic  lateral  sclerosis,  writers' 
cramp,  muscular  atrophies  from  inaction  of  muscles,  toxic  paral- 
yses (arsenical,  alcoholic,  carbonic  oxide,  chloroform  poisoning, 
etc.),  and  in  the  paralyses  following  infectious  diseases. 

Some  authors  describe  a  form  of  decreased  electrical  irrita- 
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bility  which  has  been  appropriately  named,  "  reaction  of  ex- 
haustion." When  present  it  is  found  that  a  reaction,  produced 
by  a  certain  strength  of  current,  cannot  be  reproduced  without 
increasing  the  current.  The  discharge  of  nerve-force  responding 
to  a  certain  definite  irritation  fails  on  repetition  of  the  irritation 
of  the  same  intensity.  The  nerve  or  muscle  seems  to  have  been 
exhausted  by  the  first  contraction,  and  only  by  increasing  the 
strength  of  the  current  can  a  second  contraction  be  produced. 
This  phenomenon  has  been  observed  in  cerebral  paralysis,  pro- 
gressive muscular  atrophy,  paralysis  agitans,  anterior  polio- 
myelitis, brain  tumors,  etc. 

II.    QUALITATIVE    CHANGES   IN    ELECTRICAL    IRRITABILITY. 

Reaction  of  Degeneration  (R.  D.). — Under  this  designa- 
tion, first  introduced  by  Erb,  is  understood  a  modification  of 
electrical  irritability  which  is  characteristic  of  certain  morbid 
conditions  of  nerve  and  muscle,  and  which,  when  present,  is 
pathognomonic  of  certain  diseases,  and  hence  becomes  an  im- 
portant diagnostic  sign. 

The  phenomena  of  the  reaction  of  degeneration  are  com- 
prised in  the  following  modifications  of  irritability : — 

a.  Disappearance  or  diminution  of  the  nervous  irritability 
to  both  galvanic  and  faradic  currents. 

h.  Disappearance  of  faradic  and  increase  of  galvanic  irrita- 
bility of  the  muscle,  generally  associated  with  increased  mechan- 
ical irritability. 

c.  Tardy,  delayed  contraction  of  the  stimulated  muscle, 
instead  of  the  quick,  hghtning-like  contraction  of  the  normal 
muscle. 

d.  Appearance  of  certain  decided  modifications  of  the 
normal  formula  of  contraction. 

The  essential  feature  of  the  reaction  of  degeneration  seems 
to  be  the  tardy  contraction  of  the  muscle  in  place  of  the  quick, 
lightning-like  contraction  (or  jerk)  of  the  normal  muscle.  This 
is  due  to  the  fact,  as  pointed  out  by  von  Ziemssen,  that  in  the 
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degenerative  changes  in  nerve  and  muscle  following  peripheral 
paralysis  no  reaction  occurs  to  momentary  stimuli,  but  when  the 
stimulation  is  prolonged  contraction  slowly  follows. 

The  individual  phenomena  making  up  the  reaction  of  de- 
generation are  best  studied  in  severe  traumatic  or  rheumatic 
paralyses.  Supposing  the  case  to  be  one  of  ordinary  facial 
paralysis, — neuritic,  rheumatic,  or  Bell's  paralysis  (Fig.  166), — 
the  electrical  reactions  would  be  somewhat  as  follows : — 

1.  In  the  beginning  of  the  paralysis  there  is  sometimes  a 
sUght  increase  of  the  nervous  irritabihty,  the  response  to  both 
currents  being  more  prompt  on  the  paralyzed  than  on  the 
healthy  side,  but  after  the  second  or  third  day  both  the  faradic 


Fig.  166. 


and  galvanic  irritability  of  the  affected  nerve  and  its  branches 
decrease,  so  that  on  each  succeeding  day  stronger  currents  are 
required  to  produce  contractions.  Between  the  eighth  and 
twelfth  days  the  electrical  irritability  of  the  nerve  to  both 
currents  disappears  entirely. 

2.  About  the  same  time  the  paralyzed  muscles  gradually 
lose  their  faradic  irritability,  but  the  galvanic  irritability  rapidly 
increases,  so  that  very  slight  currents  are  required  to  produce 
contractions.  For  example,  if  the  muscles  in  the  area  of  distri- 
bution of  the  facial  nerve  on  the  unaffected  side  require  a  cur- 
rent of  4  milliamperes  to  produce  the  minimum  contraction,  a 
current  of  only  0.4  milliamperes  is  necessary  to  produce  con- 
traction on  the  paralyzed  side.    Cases  even  occur  where  contrac- 
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tions  can  be  produced  in  the  paralyzed  muscles  while  testing 
the  muscles  on  the  healthy  side. 

This  condition  of  hyper-irritability  of  the  muscle  to  the 
galvanic  current  usually  lasts  several  weeks  and  then  gradually 
subsides,  until,  finally,  the  muscle  also  fails  to  react  to  the 
stimulation  of  either  current. 

3.  Coincidently  with  the  increase  of  galvanic  irritability 
there  appears  a  change  in  the  mode  of  contraction  which  is 
extremely  characteristic.  The  normal  reaction  to  the  current 
is,  as  is  well  known,  a  sharp,  flash-hke  jerk,  the  muscle  immedi- 
ately becoming  relaxed  until  the  current  is  broken,  when  an 
equally  sharp  "opening  contraction"  occurs.  In  the  reaction 
of  degeneration,  this  quick,  jerky  contraction  is  changed  into  a 
sluggish,  tardy,  drawing-up  of  the  muscle-substance.  This  is 
the  essential  and  pathognomonic  feature  of  the  reaction  of 
degeneration.  When  absent,  there  is  no  reaction  of  degenera- 
tion, no  matter  what  other  modification  of  the  normal  law  of 
contraction  may  be  present. 

During  the  stage  of  galvanic  hyper-irritability  there  is  also 
an  increase  of  the  mechanical  irritability  of  the  muscle. 

4.  The  change  in  the  normal  formula  of  contraction,  which 
usually,  though  not  always,  appears  in  conjunction  with  the 
stage  of  hyper-irritability,  is  very  remarkable.  The  anodal 
closing  contraction,  which  is  only  produced  in  the  normal  con- 
dition by  a  current  considerably  stronger  than  that  to  which  the 
muscle  responds  when  the  cathode  is  used,  responds  gradually 
to  a  weaker  and  weaker  current,  until,  finally,  it  is  excited  by 
a  current  little  if  any  stronger,  or  sometimes  even  weaker,  than 
that  producing  the  cathodal  closing  contraction.  The  anodal 
opening  contraction  and  cathodal  opening  contraction  also 
approach  nearer  to  the  cathodal  closing  contraction  than  in  the 
normal  condition. 

In  the  typical  form  of  E.  D.,  therefore,  the  normal  formula 
of  contraction  (see  p.  149),  viz.,  Ca.  CI.  C;  An.  O.  C;  An.  CI. 
C;  Ca.  Te.;  Ca.  O.  C,  is  changed  as  follows:     An.  CI.  C;  Ca. 
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CI.  C. ;    An.  O.  C. ;    Ca.  O.  C,  or  some  modification  of  this 
formula.     (See  Fig.  165.) 

After  four  to  six  weeks  the  galvanic  hyper-irritability  grad- 
ually diminishes  until  eventually  the  reaction  to  the  strongest 
current  is  almost  or  quite  lost.  The  An.  CI.  C.  is  the  last  to 
disappear.  If  the  injured  or  diseased  nerve  is  regenerated, 
voluntary  power,  the  normal  formula  of  contraction  as  well  as 
the  flash-like  character  of  the  contraction  are  gradually  re- 
established. On  the  other  hand,  when  the  degeneration  of  the 
nerve   is   complete,   the   contractihty  of  the   muscles   is   never 


Fig.  167.— Old  Facial  Paralysis,  showing  Complete  Loss  of  Muscular 
Contractility  on  the  Paralyzed  Side.    (After  Gowers.) 

restored,  and  years  after  electrical  stimulation  is  limited  in  its 
effects  to  one  side,  as  shown  in  Fig.  167. 

When  regeneration  of  the  nerve  occurs  the  trophic  activity 
is  first  manifested  in  the  improved  nutrition  of  the  muscles ;  then 
follows  a  return  of  voluntary  power,  and  finally  restoration  of 
the  electrical  irritability. 

The  muscular  irritability  to  both  currents  returns  gradually, 
the  slow,  tardy  contractions  giving  place  to  the  fulgurant  ones 
and  the  normal  formula  of  contraction  being  re-established. 

The  above-described  modifications  of  the  normal  electrical 
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irritability  of  the  paralyzed  nerve  and  muscle  are  due  to  certain 
changes  in  these  structures,  which  have  been  experimentally 
studied  by  Erb,  Neumann,  Leegaard,  Sigmund  Mayer,  and 
Gessler.  The  histological  changes  found  in  the  nerves  consist 
of  a  granular,  lumpy  degeneration  of  the  medullary  sheath 
beginning  within  a  few  days  of  the  lesion  to  the  nerve.  This  is 
followed  by  softening  of  the  axis  cylinder,  which  is  substituted 
by  protoplasmic  masses.  This  is  accompanied  by  nuclear  pro- 
liferation of  the  sheath  of  Schwann  and  cellular  accumulation 
in  the  neurilemma,  from  which  young  connective  tissue  is 
developed.  The  entire  nerve  is  permeated  with  this  newly- 
formed  connective  tissue.  After  a  time,  in  case  regeneration  is 
possible,  the  normal  condition  of  the  nerve  is  gradually  restored, 
the  regeneration  beginning  at  the  periphery  and  not  at  the 
central  point  of  the  lesion.  The  newly-formed  connective  tissue 
is,  however,  not  entirely  absorbed,  but  remains  to  a  greater  or 
less  degree  as  an  evidence  of  the  nutritive  disturbance  which 
has  taken  place  in  the  nerve. 

The  changes  in  the  muscle  consist  of  simple  atrophy  of  the 
primitive  fasciculi  of  the  muscular  fibres,  with  occasional  areas 
of  fatty  degeneration,  excessive  nuclear  proliferation,  cell 
accumulation  in  the  interstitial  connective  tissue,  and  hyper- 
plasia of  the  latter.  This  condition  may  become  permanent, 
and  the  muscle  then  appears  as  a  thin  band  of  connective  tissue 
with  muscular  fibres  disseminated  through  its  substance. 

When  restoration  of  function  occurs  the  new-formed  con- 
nective tissue  is  re-absorbed,  but  the  normal  state  of  the  muscle 
is  never  entirely  restored. 

The  motor  end-plates  in  the  muscle  are  the  last  structures 
to  yield  to  the  degenerative  processes  and  the  first  to  be  restored 
in  structure  and  function. 

The  histological  changes  in  the  paralyzed  nerve  and  muscle 
explain  the  phenomena  of  the  reaction  of  degeneration.  The 
solution  of  continuity  at  the  point  where  the  lesion  of  the  nerve 
is  situated  abolishes  the  power  of  transmission  of  voluntary 
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impulses,  as  well  as  of  proximal  electrical  stimulation  of  the 
nerve. 

The  diminution  of  electrical  irritabihty  beyond  the  lesion 
in  the  nerve  is  due  to  the  progressive  degeneration  of  the  nerve- 
structure.  The  disappearance  of  the  faradic  irritability  in  the 
muscle,  as  well  as  the  sluggish  contraction  of  the  latter  under 
the  galvanic  current,  is  due  to  degeneration  of  the  muscle-sub- 
stance itself,  for  the  phenomena  of  the  R.  D.  are  present  in  the 
muscle  at  a  time  when  the  nerve-terminations  have  not  yet 
undergone  degeneration. 

The  researches  of  Gessler  upon  nerve  degeneration  in  cold- 
blooded animals  appear  to  show  that  the  true  R.  D.,  viz.,  tardy 
contractions  upon  galvanic  stimulation  with  no  response  upon 
faradic  stimulation,  is  entirely  due  to  muscular  degeneration. 
While  in  these  animals  complete  nerve  degeneration  occurred, 
muscular  degeneration  as  well  as  the  phenomenon  of  reaction  of 
degeneration  remained  absent. 

The  final  disappearance  of  galvano-muscular  irritability  is 
an  evidence  of  the  increased  atrophy  of  the  muscular  fibre  and 
the  excessive  interstitial  connective-tissue  hyperplasia. 

The  electrical  irritability  of  the  nerve  and  muscle  does  not 
return  coincidently  with  the  power  of  conveying  motor  impulses. 
The  former  function  requires  a  more  advanced  stage  of  nerve 
regeneration  than  the  latter.  This  discrepancy  between  the 
duration  of  voluntary  and  electrical  suspension  of  irritability  of 
nerve  and  muscle  is  explained  by  the  assumption  that  the 
transmission  of  an  impression  from  the  nerve-centre — in  other 
words,  the  conductivity  of  the  nerve — requires  a  less  perfect 
organ  than  the  origination  of  an  impression  at  the  periphery. 

III.    MIXED    OR    COMBINED    QUANTITATIVE   AND    QUALITATIVE   MODIFI- 
CATIONS  OF    ELECTRICAL    IRRITABILITY. 

Atypical  Forms  of  Reaction  of  Degeneration  (Partial  R.  D. 
of  Erb). — In  these  cases  there  may  be  complete  abolition  of 
the  power  to  conduct  motor  impulses,  but  the  intensity  of  the 
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galvanic  and  faradic  irritability  remains  normal,  or  is  slightly 
diminished.  The  farado-muscular  excitability  remains,  but  the 
characteristic  sluggish  contraction  with  hyper-irritability  is  mani- 
fested upon  testing  for  the  galvano-muscular  reaction. 

The  farado-muscular  irritability  may  be  diminished,  or  the 
contraction  may  be  tardy,  or  exhibit  a  staccato  movement  (fara- 
dic R.  D.,  Erb).  Stintzing  produced  this  form  of  reaction  of 
degeneration  in  the  rabbit  after  moderate  nerve-stretching.  Von 
Ziemssen  and  Stintzing  have  also  observed  it  in  a  case  of  rheu- 
matic facial  paralysis. 

In  rare  instances  the  neuro-faradic  irritability  may  be  lost, 
while  the  neuro-galvanic  irritability  is  maintained  intact.  Adam- 
kiewicz  has  observed  the  direct  contrary  effect. 

Partial  reaction  of  defi^eneration  has  also  been  observed  in 
cases  of  central  lesion  in  which  the  electrical  neuro-irritability 
had  been  maintained,  and  indeed  in  cases  in  which  there  was 
no  muscular  paralysis  present.  Yon  Ziemssen  has  observed  this 
reaction  in  a  case  of  lead-paresis,  in  which  there  was  diminution 
but  not  entire  loss  of  voluntary  muscular  power. 

Stintzing  has  recently  published  an  interesting  contribution 
upon  the  reaction  of  degeneration,  in  which  he  has  classified 
the  forms  of  R.  D.  in  four  groups,  as  follow:  1.  E,.  D.,  with 
total  loss  of  neuro-irritability.  2.  R.  D.,  with  partial  loss  of 
neuro-irritability.  3.  R.  D.,  with  sluggish  faradic  irritability 
of  the  nerve.  4.  R.  D.,  with  prompt  neuro-irritability  to  both 
currents. 

Diagnostic  and  Prognostic  Significance  of  Reaction  of  De- 
generation. —  The  phenomena  of  reaction  of  degeneration 
characterize  all  varieties  and  degrees  of  peripheral  paralysis  of 
motion,  no  matter  whether  they  are  traumatic,  rheumatic,  neu- 
ritic,  or  diphtheritic  in  origin.  In  cases  of  this  character  R.  D. 
is  such  an  essential  part  of  the  clinical  history  of  the  affection 
that,  when  contrasted  with  its  absence  in  central  or  purely 
myopathic  lesions,  it  was  formerly  believed  to  furnish  an  abso- 
lutely diagnostic  sign.    But  more  recently,  as  pointed  out  above, 
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certain  diseases  of  the  spinal  cord,  especially  such  as  are  de- 
pendent upon  lesions  in  the  anterior  gray  columns  of  the  cord 
and  the  nuclear  region  of  the  medulla,  were  also  found  to  be 
attended  by  the  phenomena  of  reaction  of  degeneration.  Among 
the  diseases  of  the  spinal  cord  in  which  R.  D.  is  foimd  are 
infantile  spinal  paralysis  (anterior  poliomyelitis),  lead-paralysis, 
and  primary  progressive  muscular  atrophy.  It  is  also  present 
exceptionally  in  amyotrophic  lateral  sclerosis,  progressive  bulbar 
paralysis,  spinal  haemorrhage  and  tumors,  secondary  amyo- 
trophies, and  diphtheritic  paralyses  of  the  trunk  and  extremities. 

Reaction  of  degeneration  is  absent  in  all  cerebral,  hysterical, 
myelitic,  and  purely  myopathic  paralyses.  In  cases  where  the 
R.  D,  is  limited  to  a  definite  peripheral  neuro-muscular  area, 
the  probabilities  are  in  favor  of  the  diagnosis  of  a  peripheral 
lesion.  When  the  phenomena  of  R.  D.  are  observed  over  a 
larger  area,  a  central  (spinal)  origin  of  the  paralysis  is  rendered 
probable. 

The  prognostic  significance  of  R.  D.  is  often  of  assistance 
to  the  physician.  Where  the  phenomena  exhibited  are  of  slight 
degree,  the  prognosis  is,  on  the  whole,  favorable,  but  when 
faradic  irritability  is  entirely  lost,  the  galvanic  irritability 
greatly  increased,  and  the  contractions  very  sluggish  with  the 
typical  reversal  of  the  normal  formula  of  contraction,  or  where 
all  electrical  irritability  is  lost, — in  these  cases  a  favorable  prog- 
nosis cannot  be  safely  hazarded  until  the  reappearance  of  the 
normal  formula  of  contraction. 

Diagnosis  of  Disturbances  of  Common  Sensation. — Erb  de- 
vised an  electrode  for  testing  the  sensibility  of  the  skin.  This 
electrode  consists  of  about  four  hundred  fine,  insulated  wires 
fastened  compactly  in  a  handle.  The  ends  of  the  wires  are  then 
ground  off  evenly,  thus  presenting  a  smooth  surface  with  a 
number  of  contact  points  corresponding  to  the  number  of  wires. 
An  ingenious  modification  of  this  electrode  is  shown  in  Fig.  168. 
The  surface  of  the  disk,  two  centimetres  in  diameter,  is  sub- 
divided by  a  saw  into  a  large  number  of  fields  (250-300)  and 
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the  clefts  made  by  the  saw  filled  out  with  some  non-conducting 
material.  To  test  the  sensation,  this  electrode  attached  to  the 
secondary  coil  of  the  induction  machine  is  applied  to  the  sur- 
face to  be  tested,  and  the  other  electrode  to  an  indifferent  point, 
e.g.,  the  sternum.  The  coils  are  then  shoved  over  each  other 
until  the  sensation  of  the  current  is  just  perceptible.  This  is 
marked  as  "x  mm.  C.  D.,"  and  then  the  coil  is  further 
advanced  until  the  first  sensation  of  pain  is  experienced,  and 
the  C.  D.  again  recorded.  The  first  record  shows  the  minimum 
sensation  reaction,  while  the  second  shows  the  minimum  painful 
reaction.  The  corresponding  reaction  on  the  opposite  side  of 
the  body  is  then  ascertained  and  the  results  compared  with 
each  other. 

Diminution  of  sensory  irritability  is  present  in  most  serious 
lesions  of  the  spinal  cord  and  peripheral  nerves,  and  in  many 
cerebral  affections. 


Fig.  168.— Electrode  for  Testing  Electro-cutaneous  Sensibility. 

Von  Ziemssen  has  attempted  to  measure  the  time  of  sensory 
impressions  (the  diminution  of  pain  conduction)  by  means  of  the 
discharge  of  a  Ley  den  jar.  No  practical  results  of  importance 
have,  however,  as  yet  been  obtained. 

Bernhardt  has  tested  the  reaction  of  cutaneous  sensibility 
and  finds  that  it  varies  in  different  areas  or  "zones"  of  the 
body.  He  divides  the  surface  of  the  body  into  nine  zones,  as 
follows : — 

1 .  Tongue  zone  (tip  of  tongue,  palate,  tip  of  nose). 

2.  Face  zone  (eyelids,  gums,  red  surface  of  lips,  cheek). 

3.  Forehead  zone  (forehead,  cutaneous  surface  of  lips). 

4.  Shoulder  zone  (shoulder). 

5.  Trunk  zone  (sternum,  nape  of  neck,  spine,  arm,  forearm, 
buttock,  occiput,  front  of  neck). 

6.  Thigh  zone  (sacrum,  thigh,  dorsum  of  foot). 
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7.  Hand  zone  (back  of  hand,  leg,  ball  of  fingers). 

8.  Patellar  zone  (patella). 

9.  Digital  zone  (tip  of  toes,  palm  of  hand,  sole  of  foot). 
The  average  minimum  C.  D.  of  sensation  and  of  pain  for 

these  various  regions  is  given  in  the  following  table: — 


Zones. 

Gen.  Eleetro-sensi. 
bility  of  the  Skin. 
Av.  Min.  C.  D. 

Painful  Electro-sensi- 
bility  of   the  Skin. 
Av.  JVIin.  C.  D. 

1. 

Tongue    zone      

166. 

mm. 

136.7  mm. 

2. 

Face 

150.5 

130.5     " 

3. 

Forehead 

144.5 

128.       " 

4. 

Shoulder 

137. 

112.5     " 

5. 

Trunk 

128. 

110.8     " 

6. 

Thigh 

122.1 

99.1     " 

7. 

Hand 

116. 

92.8     " 

8. 

Patellar 

111. 

88.       " 

9. 

Digital 

114.5 

67.8     " 

Reactions  of  Electro-muscular  Sensibility. — Duchenne  first 
called  attention  to  a  peculiar  sensation  in  the  muscle  when 
a  current  of  electricity  is  acting  upon  or  through  it.  This 
sensation  is  not  dependent  upon  the  sensibility  of  the  skin,  but 
is  quite  different  from  and  independent  of  it.  This  "electro- 
muscular  sensibility  "  may  be  present  even  in  cases  of  cutaneous 
anaesthesia,  or  where  the  muscles  are  exposed  in  consequence 
of  detachment  of  the  skin  from  accident.  The  pathological 
significance  of  this  electro-muscular  sensibility  has  not  received 
much  attention.  Some  clinical  observations  of  Dr.  S.  Weir 
Mitchell  are,  however,  interesting  in  this  connection.  He  found 
that  when  the  cut  ends  of  the  nerves  in  an  amputation  stump 
are  irritated  by  an  electric  current  the  patient  can  describe  the 
sensations  of  movement  of  certain  muscles  in  the  amputated 
extremity.  "If  we  faradize  the  track  of  the  nerves  in  or  above 
the  stump,"  says  Dr.  Mitchell,*  "  we  may  cause  the  lost  fingers 
and  thumb  to  seem  to  be  flexed  or  extended,  and,  what  is  most 
remarkable,  parts  of  which  the  man  is  conscious,  but  which  he 

*  Injuries  of  Nerves,  p.  359. 
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has  not  tried  to  stir  for  years,  may  thus  be  made  to  appear  to 
move  to  his  utter  amazement.  In  one  case  I  thus  acted  on  the 
nerves  so  as  to  cause  a  thumb,  which  for  years  was  constantly 
and  violently  bent  in  on  the  palm,  to  straighten  out  completely. 
On  breaking  the  circuit,  without  warning,  the  patient  exclaimed 
that  his  thumb  was  cutting  the  palm  again,  and  the  same  result 
was  obtained  by  shifting  the  conductors  so  as  to  put  the  nerves 
out  of  the  circuit. 

"In  a  case  of  amputation  at  the  shoulder-joint,  in  which 
all  consciousness  of  the  limb  had  long  since  vanished,  I  suddenly 
faradized  the  brachial  plexus,  when  the  patient  said  at  once : 
'My  hand  is  there  again.  It  is  all  bent  up  and  hurts  me.' 
These  impressions  are  correctly  referred  by  the  patient,  so  that 
faradization  of  the  musculo-spiral  or  the  ulnar  gives  sensation 
of  movement  in  the  related  parts.  It  is,  of  course,  impossible 
that  the  motor  nerves  stimulated  should  convey  any  impression 
centrally,  and  we  must  therefore  conclude  that  irritation  of 
sensory  trunks  may  occasion  impressions  of  muscular  motion  in 
the  sensorium." 

Electro-muscular  anaesthesia  is  found  in  cases  of  hysteria 
and  tabes  dorsalis.  It  is  often  combined  with  cutaneous  anaes- 
thesia and  analgesia,  although  either  may  be  present  without 
the  other. 

Electrical  Ee action  of  the  Organs  of  Special  Sense. 

Eye. — In  testing  the  reaction  of  the  optic  nerve  for  purposes 
of  diagnosis  the  same  procedure  is  followed  as  in  testing  the 
normal  reaction  (page  155).  AVeak  currents  must  be  employed, 
increasing  the  same  very  gradually  by  means  of  a  rheostat. 
The  ordinary  resistance  coils  generally  furnished  with  the  medical 
apparatus  do  not  answer  for  this  purpose.  One  of  the  more 
recent  devices,  by  means  of  which  the  current  can  be  increased 
or  diminished  by  almost  imperceptible  gradations,  must  be  used. 
(See  Figs.  196  and  197.) 
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No  very  trustworthy  results  have  yet  been  ob tamed  in  the 
use  of  the  electric  current  for  diagnostic  purposes  in  pathological 
conditions  of  the  ^sdsual  organs.  Only  a  modification  in  the 
intensity  of  the  normal  reaction  to  the  electrical  stimulus  has 
been  observed. 

Ear. — The  diagnosis  of  ear  diseases  by  electricity  has  been 
pretty  thoroughly  worked  out  by  some  observers.  It  is  found 
that  in  some  affections  the  normal  formula  of  Brenner  is  pre- 
served with  quantitative  changes,  i.e.^  the  intensity  of  the  sensa- 
tion is  either  increased  or  diminished.  In  other  cases  (especially 
diseases  of  the  labyrinth)  there  is  complete  reversal  of  the 
normal  formula,  as  in  H.  D.  The  practical  application  of  these 
results  is  as  yet  insignificant.  The  same  may  be  said  of  the 
diagnostic  value  of  electricity  in  disorders  of  the  olfactory  and 
gustatory  nerves. 

The  Electric  Light   as  an  Aid  in  Diagnosis. 

That  "seeing  is  believing"  is  an  axiom  especially  dear  to 
the  medical  and  surgical  practitioner.  For  the  purpose  of 
making  an  exact  diagnosis,  direct  vision  in  a  good  light  is 
regarded  as  highly  important.  For  this  reason  particularly, 
attempts  have  been  made  for  many  years  to  render  certain 
internal  organs  accessible  to  direct  ocular  inspection.  It  is,  how- 
ever, only  within  the  last  ten  years  that  the  practical  ingenuity 
of  mechanicians  has  furnished  a  set  of  instruments  which  can 
readily  be  used  for  diagnostic  purposes,  and  in  which  the  electric 
light  is  made  practically  available. 

In  the  first  part  of  this  work,  the  physical  principles 
governing  the  production  of  the  electric  light  have  been  treated 
at  sufficient  length.  It  remains  here  merely  to  give  an  account 
of  the  various  instruments  used  for  the  purpose,  and  the  results 
thus  far  attained. 

Among  the  medical  and  surgical  instruments  having  the 
electric  light  as   a  basis,  those  most  commonly  used  are  the 

14 
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stomatoscope,  laryngoscope,  otoscope,  urethroscope,  cystoscope, 
and  gastroscope.  The  most  perfect  forms  of  these  histruments 
available  at  the  present  day  are  those  constructed  by  Josef 
Leiter,  the  well-known  surgical-instrument  maker,  of  Vienna, 
although  some  practical  modifications  have  recently  been  intro- 
duced by  other  manufacturers. 

As  the  production  of  a  sufficiently  intense  light  to  render 
an  instrument  available  for  the  exploration  of  any  internal  cavity 
or  organ  is  necessarily  accompanied  by  the  development  of  a 
degree  of  heat  which  may  render  the  use  of  the  instrument 
impracticable  if  not  counteracted,  the  instruments  of  Leiter  are 
surrounded  by  a  current  of  water  which  is  kept  constantly  circu- 
lating and  which  carries  off  the  excess  of  heat.  In  Figs. 
169  and  170  the  general  construction  of  Leiter's  apparatus  is 
shown.  The  description  is  taken  from  an  article  by  Dr.  Roswell 
Park,  of  Bufialo: — 

"jB  is  a  hard-wood  box  containing  three  large  Bunsen  cells 
with  double  zinc  plates  exposing  a  large  surface.  They  are  so 
arranged  in  a  hard-rubber  cell,  with  large  bottles  of  battery 
fluids  on  either  side,  that  by  means  of  a  rubber  bulb  and  glass 
tube  they  can  be  filled  or  emptied  by  simply  siphoning  the  fluids 
in  and  out.  Simple  directions  enable  the  operator  to  connect 
one,  two  or  three  elements  as  desired.  For  ordinary  endoscopic 
purposes,  two,  or  even  one,  suffice;  for  galvano-cautery  all  three 
are  needed.*  Wires  from  1  and  2  on  the  battery  box  run  to 
1  and  2  at  i?,  which  is  the  rheostat.  With  the  pointer  at  0, 
the  position  it  occupies  in  the  cut,  there  is  no  current;  as  it  is 
turned  around  on  the  index  scale  the  resistance  is  diminished, 
until  with  the  pointer  way  round  the  circle  all  resistance  is  out 
of  the  circuit.  At  3  and  4  are  the  wires  which  run  to  the  instru- 
ment in  use,  as,  for  instance,  the  laryngoscope  at  L.  By  a 
simple  spring-clamp  they  are  put  on  or  removed  in  an  instant. 

"  /S'  is  a  metallic  tubular  reservoir  about  one  metre  in  height, 
also  shown  in  cross-section.     This  is  filled  with  four  litres  of 

*  A  storage  battery  would  be  more  eflBcient  and  convenient. 
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cool  water.  A  heavy  leaden  weight  or  plunger  (ten  kilos),  hg^ 
is  swung  from  the  under  surface  of  the  cover  by  pulleys,  ro ; 
the  cord  attached  to  the  httle  handle,  gr,  serves  to  hoist  it ;  ko 
is  a  closely-fitting  piston  having  a  valve,  ve,  which  allows  the 
weight  to  be  raised,  but  causes  it  to  rest  on  the  surface  of  the 
water,  which,  by  its  weight,  is  driven  up  through  S7'',  its  flow 
being  checked  or  regulated  by  the  stop-cock,/,  at  its  upper  end. 


Fig.  169.— Combined  Batteky  and  Hydrostatic  Appakattjs. 

Water  being  thus  caused  to  flow,  passes  around  the  rheostat  and 
through  the  tube,  7i,  by  flexible-rubber  tubes  into  the  instrument, 
around  the  heated  wire,  back  through  the  tube  k  at  m,  where  it 
drops  back  into  the  reservoir  at  tr,  and  can  be  used  over  and 
over  again.  With  proper  adjustment  the  weight  need  not  be 
raised  oftener  than  once  in  twenty  minutes,  but  the  water  must 
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be  kept  steadily  flowing,  or  there  is  danger  to  the  instruments. 
At  j>  is  a  metal  loop  in  which  the  tubes  and  wires  may  rest  so 
that  their  weight  is  hardly  noticed.  At  I  I  are  handles  by  wliich 
the  whole  instrument  can  be  moved  about  as  desired."* 


Fia.  170.— The  Urethroscope. 


angular    tube 
arrangement. 


The  urethroscope  is  shown  in  detail  in  Fig.  170,  and  in 
position  in  Fig.  171.  Tho  outer  tube  or  cannula,  ???,  is  about 
the  size  of  a  catheter  No.  21  F.  Into  this  is  pushed  the  rect- 
h  b,  containing  the  illuminating  and  cooling 
The  loop  of  platinum  wire,  c,  is  seen  at  the 
lower  beveled  end  of  this  part  of  the  appa- 
ratus. In  one  of  the  water  tubes  is  an 
insulated  wire,  the  other  conductor  being  fur- 
nished by  the  main  body  of  the  metal  work. 
The  cold  water  passes  into  the  tube  at  Ji,  and 
after  flowing  through  the  entire  length  of 
the  apparatus,  but  without  coming  in  contact 
with  the  heated  wire,  passes  out  at  ^.  The 
funnel-shaped  extremity,  A;,  is  the  eye-piece. 


Fig.   171.  —  The  Ure 
theoscope  in  po 

SITION. 


In  Fig.  171  the  instrument  is  shoAvn  in 


position.  With  it  a  surface  of  one  centimetre 
square  can  be  illuminated  at  one  time.  It 
will  be  readily  seen  how  useful  this  apparatus  may  be  made  in 
the  diagnosis  of  diseased  conditions  of  the  urethral  mucous 
membrane. 

*  Annals  of  Anatomy  and  Surgery,  March,  1883. 
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The  cystoscope  is  a  further  development  of  the  instrument 
just  described.  It  is  shown  complete  in  Fig.  172.  Fig.  173 
shows  the  cystoscope  in  position  illuminating  the  ulterior  of  the 
bladder.  Leiter  has  recently  still  further  improved  the  cysto- 
scope, and  claims  now  to  be  able  to  use  the  electric  Hght  for 
purposes  of  interior  illumination  without  the  necessity  of  the 


Fig.  172.— The  Cystoscope. 


refrigerating  apparatus.  This  is  a  great  advance  in  simplicity, 
and  will  promote  the  use  of  these  instruments  by  reducing  their 
cost,  which  is  still  a  great  drawback. 

An  otoscope  of  simpler  construction  has  been  devised  by 
Dr.  E-oswell  Park,  which  is  shown  in  Fig.  174.  Its  use  is  prac- 
ticable either  in  broad  daylight  or  in  a  dark  room. 


Fig.  173.— The  Cystoscope  in  Position. 


Laryngoscopes  and  rhinoscopes  are  made  upon  the  same 
principle.     Fig.  175  shows  the  method  of  using  the  former. 

There  are  many  modifications  of  these  instruments  now 
obtainable.  A  very  simple  and  cheap  one,  which  may  be  used 
as  a  stomatoscope  and  pharyngoscope,  is  that  shown  in  Fig.  176. 
The  glow-lamp  is  affixed  to  the  end  of  a  tongue-depressor. 

The  highest  development  of  the  electrical  illumination  of 
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internal  cavities  has  been  reached,  in  the  gastroscope,  which  is 
the  result  of  the  collaboration  of  Professor  Mikulicz  and  Mr. 
Leiter.  The  instrument  is  shown  in  position  in  the  stomach  u\ 
Fig.  177.  Its  method  of  use  is  described  by  Dr.  Park  as 
follows : — 

"  As  preparation  for  the  use  of  the  gastroscope,  it  is  neces- 
sary that  the  patient  shall  have  gone  for  some  hours  without  eat- 
ing. Half  an  hour  previous  to  its  use  a  hypodermic  dose  of 
morphia — say,  one-third  grain — should  be  administered.  Just 
prior  to  the  examination  the  stomach  should  be  washed  out. 
The  patient  is  then  laid  upon  the  left  side  on  a  table  having  a 


"Fig.  174.— Park's  Electro-otoscope. 


Fig.  175.— The  Laryngoscope  in  Position. 


head-support,  which  shall  keep  the  neck  in  its  axial  position. 
A  small  receptacle  is  placed  under  the  mouth  to  catch  the  saliva 
which  cannot  be  swallowed.  The  head  is  then  thrown  well  back, 
and  the  instrument,  which  has  previously  been  lubricated  with 
vaseline  or  glycerine,  is  guided  by  the  finger  of  the  left  hand  and 
passed  downward  with  a  gentle  sweep.  Previous  practice  on 
the  cadaver  with  a  hard-rubber  sound  of  the  same  dimensions 
and  flexure  as  the  gastroscope  will  easily  teach  the  necessary 
manipulations.  The  instrument  being  in  place,  the  stomach  is 
inflated  to  the  desired  extent,  but  not  suflicient  to  distress  the 
patient.  The  pointer  on  the  rheostat  being  turned  slowly,  the 
metal  blind  is  drawn  and  the  observer  has  the  field  before  him." 
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With  reference  to  the  vahie  of  these  various  devices,  Dr. 
Park,  who  is  entitled  to  speak  from  experience,  says :  "  I  feel  justi- 
fied in  saving  that,  in  expert  hands  and  with  an  expert's  eye  at 
the  eye-piece,  the  instrument  may  and  ought  to  play  a  role  in 
diagnosis  which  has  never  been  filled  before.  It  deserves  a  care- 
ful study  of  itself  and  an  extended  trial ;  until  it  has  had  both, 
its  merits  should  not  be  disregarded."* 


Fig.  176.— Tongtje-Depressoe,  with      Fig.  177.— The  Gasteoscope  in  Position. 
EiiECTKic  Light. 


THE   TELEPHONE   AS    AN   AID   TO   DIAGNOSIS. 

Dr.  Boudet,  of  Paris,  has  devised  a  number  of  instruments 
in  which  the  telephone  and  microphone  are  availed  of  as  aids  to 
diagnosis.  These  instruments  are  the  sphygmophone,  sphygmo- 
phonic  transmitter,  and  myophone.     By  means  of  the  latter  the 

*  Annals  of  Anatomy  and  Surgery,  March,  1883. 
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inventor  has  been  enabled  to  make  a  differential  diagnosis  be- 
tween various  paretic  conditions  of  muscles.  Hughes'  sonometer 
is  an  electrical  apparatus  to  determine  the  degree  of  deafness. 
The  instrument  is  of  limited  applicability. 

The  induction  balance  and  telephonic  probe,  invented  by 
A.  Graham  Bell,  for  the  purpose  of  detecting  metallic  bodies  of 
various  sorts — e.g.^  bullets — in  the  deeper  tissues,  have  been 
used  several  times,  but  with  only  moderate  success. 

ELECTRO-THERMOMETRY. 

Dr.  F.  Arnheim  has  recently  devised  an  electrical  thermo- 
scope  for  the  purpose  of  determining  the  radiation  of  the  body- 
heat.  The  apparatus  consists  of  a  delicate  thermopile,  contain- 
ing forty  pairs  of  iron  and  German-silver  wires  arranged  in 
series,  and  a  delicate  galvanometer.  The  apparatus  is  doubtless 
valuable  for  physiological  researches,  but  in  its  present  state  is 
of  little  use  for  the  purposes  of  the  clinician. 

ELECTROLYTIC    ANALYSIS. 

For  the  purpose  of  detecting  minute  quantities  of  any 
metal  in  the  secretions  or  tissues  of  the  body  electrolysis  may  be 
employed.  A  convenient  apparatus  for  this  purpose  has  lately 
been  described  by  Professor  Wolff.* 

The  decomposing  part  of  the  apparatus  is  a  glass  cylindrical 
cell,  J.,  having  a  globular  extension  on  top,  an  outlet  tube,  /,  at 
one  side,  and  an  inlet  or  receiving  tube  at  the  other  side,  Zt,  below; 
the  positive  electrode  is  made  of  strong  platinum  wire  in  form 
of  a  spiral,  which  is  resting  close  against  the  inner  wall  of  the 
cylinder,  with  its  lower  end  sealed  in  and  reaching  outside  to  a 
binding-screw,  n,  at  the  support;  the  negative  electrode  is  also 
spiral-shaped,  but  made  of  thin  iron  wire,  which  has  been 
copper-  and  afterward  silver-  plated ;  it  is  supported  centrally  in 
the  interior  of  the  cylinder.  A,  by  a  cork  at  the  neck  of  the 
latter,  and  receives  the  current  by  a  small  clamp  on  a  sliding-rod 

*  Notes  on  New  Remedies,  from  Fischer's  Zeitschrif t  f .  Augewandte  Chemie. 
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and  a  binding-screw,  z,  at  its  base,  to  connect  with  the  zinc  pole 
of  the  battery. 

The  liquid  to  be  analyzed,  supposing  it  to  contain  mercury, 
after  being  weighed,  then  acidulated  with  3  to  4  per  cent,  of  sul- 
phuric acid,  is  contained  in  a  funnel-shaped  reservoir,  which  is 
connected  by  a  rubber  pipe  with  h,  by  which  it  enters  into  the 
decomposing  cell,  the  influx  of  the  liquid  being  regulated  by  a 
Bunsen  screw-clamp,  so  that  one  drop  in  about  five  seconds 
enters  at  h  and  is  discharged  at  /,  and  the  electric  current 
passing  the  electrodes  in  the  same  direction.  In  the  same 
measure  as  the  Uquid  is  passing  upward,  the  mercury  is  precipi- 


FlG.  178. 


Fig.  179. 


tated  on  the  silver-plated  cathode.  After  the  liquid  has  passed 
through  the  cell,  the  rest  left  in  the  latter  is  discharged  from 
it  by  a  current  of  pure  water,  until  the  generation  of  gas 
at  the  electrodes  has  entirely  ceased.  The  negative  spiral  is 
then  removed  from  the  cell,  washed  carefully  with  water,  then 
with  alcohol,  and  last  with  ether,  and,  perfectly  dry,  is  separated 
from  the  wire  end,  and  transferred  to  a  glass  tube  of  six  milli- 
metres diameter,  open  at  the  lower  end,  and  open  and  drawn  out 
to  a  narrow  tube  on  top;  the  lower  open  end  of  this  tube  is 
then  sealed  as  in  Fig.  179,  d,  the  tube  then  carefully  heated  over 
a   gas    or  alcohol  flame  to  a  red  heat   from  the  closed  end. 
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where  the  sph'al  is  placed  upward,  and  under  continuous 
revolving,  until  all  the  mercury  precipitated  on  the  spiral  has 
been  volatihzed,  and  appears  as  a  sublimate  at  the  narrow  part 
of  the  tube.  In  cases  where  the  quantity  of  mercury,  contained 
in  a  Hquid,  and  now  received  as  a  sublimate,  is  excessively  small, 
the  latter  may  be  detected  by  subjecting  it  to  well-known 
chemical  tests. 

The  sensibility  of  this  method  of  detecting  mercury  is 
quite  extraordinary;  quantities  of  j\  to  -j^-q  milligramme  of  the 
metal  in  one  hundred  cubic  centimetres  of  liquid  give  by  its 
correct  application  the  most  distinct  reactions,  and  its  value  for 
physiological  analysis  is  therefore  an  acknowledged  one. 

The  intensity  of  the  current  necessary  for  the  electrolytic 
separation  of  the  mercury  is  one  of  100  to  150  milliamperes,  equal 
to  a  current  necessary  to  produce  one  and  two-tenths  to  one  and 
five-tenths  cubic  centimetres  oxyhydrogen  gas  in  one  minute. 
The  copper  plating  of  the  negative  spiral  is  done  by  dipping 
the  same  for  a  few  minutes  in  diluted  sulphuric  acid  one  to  five 
parts,  exposing  it  for  one  minute  to  the  action  of  the  negative 
pole  of  a  copper-zinc  battery  in  a  bath  of  a  concentrated  solution 
of  cupric  sulphate,  acidulated  with  sulphuric  acid ;  the  positive 
electrode  being  a  spiral  of  strong  copper  wire.  The  silver 
plating  is  then  performed  in  a  similar  manner  in  four  to  five 
minutes,  with  a  positive  spiral  of  platinum  wire,  in  a  silver 
solution  consisting  of  five  grammes  argentic  nitrate,  twenty-five 
grammes  potassic  cyanide,  in  two  hundred  and  fifty  cubic  centi- 
metres water,  with  an  intensity  of  current  of  100  milliamperes. 

If  the  decomposing  cell  A,  herein  described,  is  used  for  the 
electrolytic  analysis  of  other  metals  than  mercury,  as,  for  in- 
stance, for  copper,  silver,  etc.,  the  negative  spiral  used  must  be 
also  of  platinum,  and  in  this  case  the  precipitated  metal  adher- 
ing to  the  spiral  may  for  identical  reaction  be  washed  into  a 
test-tube,  and  then  dissolved  by  adding  a  small  quantity  of 
nitric  acid. 


CHAPTEH  III. 

Methods  of  Applying  the  Electric  Current  for  Therapeutic 

Purposes. 

Instruments  and  Appliances. — Electricity  is  employed  for 
therapeutic  purposes  in  the  form  of  the  constant  or  galvanic 
current,  or  galvanism^  the  induced  or  faradic  current,  or  fara- 
dism,  and  static  or  frictional  electricity,  or  franlclinism.  Each 
of  these  varieties  of  electricity  requires  different  apparatus  for 
its  administration,  with  which  the  practitioner  must  be  familiar 
before  he  can  employ  this  agent  rationally. 

Appliances  for  Using  the  Constant  Current — Batteries. — 
The  construction  and  action  of  galvanic  batteries  have  been 
described  in  detail  in  the  first  part  of  this  work,  to  which  the 
reader  is  referred.  In  this  chapter  it  remains  to  mention  the 
arrangements  for  various  medical  and  surgical  purposes. 

Medical  batteries  are  simply  modifications  or  combinations 
of  the  different  elements  or  cells,  of  which  illustrations  are 
given  in  Chapter  III,  Part  I.  The  principles  and  laws  governing 
the  arrangement  of  elements  for  the  development  of  certain 
physical  phenomena  are  likewise  applicable  in  the  construction 
of  batteries  for  medical  and  surgical  use.  Thus,  in  one  case  a 
battery  is  desired  which  shall  overcome  great  resistance.  Here 
we  need  high  electro-motive  force,  and  in  order  to  secure  this 
we  arrange  the  cells  in  series.  In  another  case  we  have  slight 
resistance  to  overcome,  but  desire  a  large  current.  In  this 
instance  we  connect  the  cells  "for  quantity"  or  in  multiple  arc. 
These  terms  have  been  fully  explained  on  pages  104  and  105. 

Galvanic  batteries  for  medical  purposes  may  naturally  be 
divided  into  two  classes, — stationary  and  portable. 
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Stationary  Batteries. — A  stationary  or  office  battery  should 
possess  the  foUowmg  desiderata :  It  should  give  a  steady  current 
of  the  quality  needed,  should  not  give  off  acrid  fumes,  be  easily 
kept  clean,  require  little  attention,  and  keep  in  good  working 
order  for  a  considerable  time.  Among  the  batteries  in  use,  the 
Leclanche,  or  one  of  its  modifications,  fulfills  most  of  these 
desiderata.  There  are,  however,  other  batteries  which  are  use- 
ful, and  which  may  for  a  particular  class  of  work  give  better 
results.  Among  these  may  be  mentioned  the  Siemens-Halske 
cell,  which  is  a  modification  of  the  Daniell.  It  has,  however,  a 
very  high  internal  resistance,  and  where  large  currents  are 
required,  as  m  some  classes  of  gyneecological  work,  it  fails  to 
meet  the  demands  made  upon  it.  A  further  objection  to  its  use 
is  the  tendency  of  the  salts  to  "creep,"  and  cause  incrustation 
of  the  sides  of  the  jars.  The  cell  is,  however,  very  constant, 
and  requires  little  attention. 

Storage  batteries  are  now  made  which  answer  the  demands 
of  an  office  battery  almost  to  perfection.  When  their  manage- 
ment is  thoroughly  understood,  and  the  current  they  furnish 
regulated  by  a  proper  rheostat,  they  give  little  trouble  and  save 
much  annoyance.  They  may  either  be  charged  at  an  electric- 
light  station,  by  an  incandescent-light  wire,  or  by  a  few  cells  of 
gravity  battery. 

Many  instrument-makers  have  constructed  cabinets  to  con- 
tain the  batteries  and  other  appliances  for  office  use.  The 
cells  used  in  these  cabinets  are  usually  some  form  of  Leclanche 
element.  Much  ingenuity  has  been  expended  in  securing  con- 
venience of  arrangement  as  well  as  elegance  of  finish  in  these 
cabinets.  Waite  Sc  Bartlett,  of  New  York,  Otto  Flemming,  of 
Philadelphia,  and  the  Mcintosh  Galvanic  and  Faradic  Battery 
Company,  of  Chicago,  make  cabinet  batteries  with  which  all 
sorts  of  medical  electrical  work  except  galvano-causty  can  be 
performed.  The  accompanying  illustration  shows  the  office 
cabinet,  as  made  by  Waite  &  Bartlett.  The  cells,  as  shown,  are 
contained  in  the  cupboard,  which  forms  the  base  of  the  piece  of 


FiQ.  180.— Waite  &  Bartlbtt's  Cabinet  Battery. 
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Fig.  181.— Waxte  &  Bartlett's  Wall  Cabinet. 
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furniture.  In  the  upper  portion  are  a  handy  arrangement  for 
switching  into  action  the  cells,  automatic  galvanic  interrupter, 
or  rheotome,  commutator,  metallic  and  water  rheostats,  an  excel- 
lent faradic  apparatus,  and  a  milliamperemeter  for  measuring  the 
strength  of  the  current.  There  are  also  drawers  and  spaces  for 
putting  away  electrodes  and  appliances. 

The  office  cabinet  of  Otto  Flemming  is  also  conveniently 
arranged  and  of  excellent  workmanship. 


Fig.  182.— Massey's  Movable  Table 


An  arrangement  to  take  the  place  of  office  cabinets,  where 
economy  of  space  in  the  room  is  an  object,  is  known  among  in- 
strument-makers as  a  wall  cabinet.  Many  useful  forms  of  this 
apparatus  are  made,  the  most  complete  and  handy  being  shown 
in  the  cut  (Fig.  181).  The  cells  may  be  put  in  a  closet,  cellar, 
or  distant  room  and  connected  with  the  switch-board  by  insu- 
lated wires.     The  wall  cabinet  is  well  adapted  for  hospitals  and 
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dispensaries,  as  it  furnishes  the  current  in  convenient  arrange- 
ment, without  occupying  much  space  in  the  operating  room. 

A  convenient  movable  table  for  hospital  work  has  been  de- 
signed by  Dr.  G.  Betton  Massey.     It  is  shown  in  Fig.  182. 

Where  the  electrical  bath  is  used,  some  convenient  method 
of  switching  the  currents  off  and  on  and  reversing  currents  is 


11 

Fig.  183.~Faradic-Bath  Apparatus. 


often  desired.  The  manufacturers  have  supplied  this  in  an  ex- 
ceedingly useful  switch-board,  one  of  which  is  illustrated  in  Fig. 
183.  This  is  made  by  the  Mcintosh  Galvanic  and  Faradic 
Battery  Company,  of  Chicago. 

Portable   Batteries. — The   frequent   necessity    of   applying 
electricity  at  the  patient's  residence  has  stimulated  instrument- 
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makers  to  an  active  rivalry  in  making  portable  galvanic  bat- 
teries. In  addition  to  the  desiderata,  already  mentioned,  which 
should  be  possessed  by  a  stationary  battery,  the  portable  battery 
makes  another  demand,  namely,  that  it  should  he  portable. 
This  at  once  excludes  those  elements  whose  greatest  excellence 
is  their  steadiness  of  action,  namely,  the  Leclanche  and  the 
various  sulphate  of  copper  cells.  Their  size  and  weight  pre- 
clude their  use  as  portable  batteries.  The  storage  battery  has 
not  yet  been  sufficiently  developed  in  this  direction  to  furnish  a 
sufficiently  high  electro-motive  force  consistent  with  portability. 


Fig.  181— McIntosh's  Twelve-Cell  Galvanic  Battery. 


Hence,  it  also  must  be  excluded  from  consideration  in  this  con- 
nection. We  are  restricted,  therefore,  in  making  a  choice  of 
cell  for  a  portable  battery  to  the  bichromate  cell,  the  bisulphate 
of  mercury  cell,  and  the  chloride  of  silver  cell.  All  of  these 
have  been  used  in  constructing  batteries,  of  which  the  following 
figures  show  useful  designs. 

Bichromate  Batteries. — The  batteries  sh.Qwu  in  Figs.  184, 
185,  and  186  are  convenient  and  efficient  in  action,  as  tested  by 
the  writer  personally.  The  cells  are  of  hard  rubber  or  glass,  and 
when  the  battery  is  not  in  use  tke  elements  are  removed  from 


m 
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the  solution  by  lowering    the  tray,  as  in  the  Flemming  and 
Waite  &  Bartlett  batteries,  or  by  placing  them  in  empty  com- 


Fig.  185.— Flemming's  Thirty-Cell  Galvanic  Battery. 

partments,  as  in  the  Mcintosh  instrument.     To  prevent  spilling 
of  the  fluid  while  carrying  the  Flemming,  or  Waite  &  Bartlett 


Fig.  186.— Waite  &  Bartlett's  Portable  Galvanic  Battery 

battery,  a  padded  board,  called  a  hydrostat,  is  shoved  in  between 
the  tops  of  the  cells  and  the  ends  of  the  zinc-carbon  elements, 
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and  by  means  of  screws  the  board  is  brought  firmly  against  the 
tops  of  the  cells,  thus  effectually  sealing  them. 

Solution  of  bisulphate  of  mercury  may  be  used  in  these 
batteries  instead  of  the  acid  solution  of  potassium  bichromate, 
but  it  does  not  give  a  sufficiently  strong  current  for  many 
purposes. 

The  disadvantages  of  these  forms  of  batteries  are  the  follow- 
ing :  The  fluid  soon  becomes  weak  and  requires  to  be  changed ; 
the  cells  become  leaky,  and,  where  hard-rubber  cells  are  used, 
a  complete  new  tray  or  set  is  required  when  only  one  cell  is 


Fig.  187.— Bakkett  Chlobide  of  SiiiVEB  Battery. 

defective.  This  becomes  a  source  of  expense.  Glass  cells, 
especially  where  toughened  glass  is  used,  are  more  durable. 
Unless  great  care  is  taken  in  screwing  up  the  hydrostat  the 
fluid  may  spill  and  corrode  any  metal  points  it  reaches.  This 
may  give  rise  to  defective  contacts  and  so  interfere  with  the 
efficiency  of  the  apparatus. 

In  spite,  however,  of  these  shortcomings  the  bichromate 
batteries  remain,  at  present,  our  best  type  of  portable  batteries, 
being  moderate  in  price,  furnishing  a  strong  current,  and,  where 
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intelligently  and  carefully  handled,  not  being  very  liable  to  get 
out  of  order. 

Chloride  of  Silver  Batteries. — For  neatness,  portability,  and 
convenience  of  arrangement  the  chloride  of  silver  "dry"  battery 
shown  in  Fig.  187  leaves  little  to  be  desired.  It  is  made  by  the 
John  A.  Barrett  Battery  Company,  of  Baltimore,  and  the  designer 
claims  to  have  secured  a  constant,  uniform,  and  durable  current. 
Previous  experiences  with  other  forms  of  this  battery,  e.g.^ 
GaifFe's,  have,  however,  not  proven  satisfactory.  The  first 
expense  is  considerable,  and  the  life  of  the  cell  is  too  short. 
When  the  chloride  of  silver  is  reduced  to  metallic  silver,  the 
usefulness  of  the  battery  is  at  an  end  until  the  elements  are 


Fig.  188.— Fi.emming's  Improved  Dtt  Bois-Reymond  Coil. 

replaced  by  others.  The  company  making  the  battery  shown 
above  offer  to  replace  worn-out  cells  with  new  ones  at  a  small 
cost. 

Most  of  these  portable  galvanic  batteries  are  also  furnished 
with  a  faradic  apparatus,  but  the  physician  should  keep  these 
two  instruments  separate.  Neither  the  portability  nor  efficiency 
of  the  apparatus  is  increased  by  a  "  combination  "  of  two  differ- 
ent instruments  in  the  same  case. 

Faradic  Batteries. — Faradic  batteries  are  usually  made  in 
portable  form.  Unfortunately,  there  is,  at  present,  no  standard 
in  use  among  American  manufacturers.  Many  of  the  faradic 
machines  in  the  market  are  very  imperfectly  constructed.  The 
best  makers  have  adopted  the   Du   Bois-Reymond   coil   as  a 
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model,  but  in  all  except  the  more  expensive  instruments  little 
care  is  taken  to  make  a  good,  trustworthy  apparatus.  The 
scale  to  indicate  the  coil  distance,  when  furnished  at  all,  is 
often  of  no  value  whatever  as  an  indication  of  the  current 
strength. 

An  excellent  Du  Bois-Reymond  coil  is  made  by  Flemming. 
This  has  a  double  scale,  the  zero  upon  which  indicates  the  zero 
of  current,  whether  the  primary  or  secondary  current  is  used. 
The  outer  coil  is  propelled  by  means  of  a  screw,  enabling  the 


Fig.  189.— Barrett's  Two-Cell  Faradic  Battery. 

practitioner  to  increase  or  diminish  the  current  in  the  most 
gradual  manner.  This  instrument,  which  lacks  the  element  of 
portability,  is  usually  set  in  action  with  a  Grenet  cell.  This 
apparatus  is  shown  in  Fig.  188. 

The  above  illustration  (Fig.  189)  shows  an  exceedingly  con- 
venient and  handy  faradic  battery,  in  which  the  chloride  of  silver 
cell  is  the  motive  agent.  It  seems  to  work  well,  and  possesses 
the  advantage  of  portability  and  ease  of  management  in  a  very 
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high  degree.  It  is  guaranteed  to  run  without  diminution  of 
current  for  one  hundred  hours.  For  accurate  observations,  how- 
ever, the  scale  showing  the  coil  distance — the  only  method  now 
available  for  approximately  measuring  the  current  of  a  faradic 
machine — should  be  more  carefully  made  than  heretofore. 


Fig.  190.— Engelmann's  Fakadic  Battery,  with  Three  Coils. 


Two  or  three  years  ago  Dr.  George  J.  Engelmann,  of  St. 
Louis,  devised  a  faradic  apparatus,  shown  in  Fig.  190,  which 
appears  to  have  many  advantages  over  the  ordinary  batteries 
sold  for  physicians'  use.  This  battery  is  provided  with  three 
coils  of  different-sized  wires,  and  different  resistances,  which  are 
marked  upon  the  coils.     These  coils  are  termed,  respectively, 
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coarse,  fine,  and  medium.  According  to  Dr.  Engelmann,  the 
coarse  coil  should  be  used  for  muscular  contractions,  and  to  pro- 
duce contraction  of  the  uterus  when  in  a  condition  of  subinvo- 
lution, the  fine  coil  to  relieve  the  pain  in  cellulitis,  and  the 
medium  to  produce  muscular  contractions  when  the  parts  are 
too  sensitive  to  permit  the  use  of  the  coarse  coil.  This  battery 
was  primarily  designed  for  use  in  gynaecological  cases ;  but  every 
practitioner  conversant  with  the  effects  of  faradic  electricity 
will  see  indications  for  the  use  of  the  different  coils.  It  is  earn- 
estly to  be  desired  that  careful  observations  should  be  made  with 
this  apparatus. 

A  faradic  battery,  which  can  be  readily  carried  in  the  coat- 
pocket,  is  made  by  Gaiffe,  of  Paris,  and  by  several  American 


CODMAN  &  SHURTLEFF, 
BOSTON. 


Fig.  191.— Gaiffe's  Faradic  Pocket  Battery. 

firms.  The  galvanic  current  is  furnished  by  two  small  carbon 
trays,  representing  the  carbon  element,  and  two  flat,  square 
blocks  of  zinc  for  the  positive  element.  The  exciting  fluid  is 
solution  of  mercury  bisulphate.  A  current  of  considerable  in- 
tensity can  be  obtained  from  this  little  instrument,  and  it  may 
often  be  employed  to  advantage. 


ACCESSORY   APPARATUS. 

Current  Selector. — Every  battery  should  be  so  arranged  that 
any  one  cell,  or  any  number  of  cells  can  be  thrown  into  circuit 
when  wanted.  In  many  of  the  stationary  apparatuses  now 
before  the  profession  the  current  selector  or  switch  is  defective 
in  this  particular,  there  being  no  way  of  picking  out  ceUs  in  the 
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series,  unless  the  first  cells  are  also  included.  Most  recent 
devices  have  this  defect  corrected.  Purchasers  of  stationary- 
electrical  apparatus  should  insist  upon  being  furnished  with  the 
form  of  switch  known  as  the  "Universal"  Current  Selector, 
by  means  of  which  any  individual  cell,  or  number  of  cells  in  the 
series,  may  be  switched  into  circuit. 

Commutator,  or  Pole  Changer. — For  the  purpose  of  rapid 
reversal  of  the  direction  of  the  current  (voltaic  alternation), 
nearly  all  galvanic  batteries  have  a  simple  switch,  called  a 
commutator,  attached.  By  means  of  this  arrangement  the 
:iirection  of  the  current,  or,  what  is  the  same  thing,  the  relative 
positions  of  the  poles,  can  be  changed  without  removing  the 


Fig,  192.— Lewis'  Pedal  Commutator 
AND  Rheotome. 


Fig.  193.— Flemming's  Automatic 
Rheotome. 


electrodes  from  the  body.  It  is  essential  that  the  springs  by 
which  the  contacts  are  made  in  the  commutator  shall  work 
stiffly,  otherwise  the  contact  is  liable  to  be  defective. 

Dr.  Morris  J.  Lewis,  of  Philadelphia,  has  devised  an  in- 
genious commutator  and  circuit-breaker,  to  be  operated  with  the 
feet  (Fig.  192).  The  posts  P  and  N  are  connected  with  the 
positive  and  negative  poles,  respectively,  of  the  battery.  The 
electrodes  are  connected  with  the  binding-posts  A  and  B.  The 
circuit  is  made  and  broken  with  the  pedal  at  the  side  of  the  in- 
strument. By  pressing  on  the  button  A  with  the  other  foot, 
the  electrode  connected  with  the  binding-post  A  becomes  posi- 
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tive ;  by  pressing  on  the  button  B^  the  electrode  runnmg  to  B 
becomes  positive. 

Current  Interrupter,  or  Rheotome. — Where  it  is  desired  to 
interrupt  the  galvanic  current  at  regular  intervals,  an  automatic 
rheotome,  or  contact-breaker,  is  necessary.  In  some  instru- 
ments the  interruptions  are  made  by  clock-work,  which  can  be 
set  fast  or  slow,  as  in  the  one  shown  in  Fig.  193.  The  figures 
above  the  buttons  indicate  the  number  of  interruptions  per 
second.  In  other  forms  of  the  instrument  the  interruptions 
are  produced  by  the  vibration  of  the  armature  of  a  small  elec- 
tro-magnet. The  amplitude  of  the  vibration  determines  the  in- 
tervals between  the  interruptions.  Some  faradic  machines 
have  attachments  for  slow  interruptions  of  the  induced  current, 
which  are  often  advantageous  in  diagnosis. 

Milliamperemeter.  —  The  proper  "  dosage  "  of  electricity 
has  only  recently  attracted  much  attention  on  the  part  of  the 
profession.  The  former  practice,  which,  indeed,  still  prevails  to 
a  very  great  extent,  has  been  to  state  the  strength  of  current  in 
the  number  of  cells  used.  The  reader  who  has  carefully  studied 
the  first  part  of  this  work  need  not  be  told  that  this  method  of 
estimating  the  strength  of  current  used  is  entirely  fallacious. 
Not  only  do  different  cells  vary  in  the  electro-motive  force  and 
current  furnished,  but  the  same  cells  differ  at  diff'erent  times, 
owing  to  conditions  fully  set  forth  in  a  previous  section.  The 
size  and  character  of  the  electrodes  used,  the  resistance  of  the 
portion  of  the  body  operated  upon,  and  the  manner  in  which 
the  electrodes  are  applied,  all  control,  to  a  greater  or  less  degree, 
the  available  strength  of  current  at  the  point  of  application. 
Hence,  in  order  to  determine  exactly  how  much  current  is 
traversing  the  tissues,  and,  probably,  doing  certain  work  there  in 
modifying  nutrition,  etc.,  a  means  is  desirable  by  which  we  can 
measure  the  current,  to  find  out,  as  it  may  be  expressed,  the 
dose  of  electricity  which  we  are  administering  to  the  patient. 
Such  an  apparatus  is  at  our  command  in  the  so-called  absolute 
galvanometer  or  milliamperemeter,  shown  on  the  following  page. 
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The  milliampere  has  been  adopted  by  common  consent 
among  therapeutists  as  the  electro-therapeutic  unit,  and  it  has 
become  customary  to  record  the  strength  of  the  galvanic  current 
used  in  any  case  in  milliamperes  (Ma).  While  the  use  of  this 
instrument  has  only  very  recently  become  general,  and  no  fixed 
rules  as  to  the  measured  current  strength  to  be  used  in  all  dis- 


Ftg.  194.— MilliampJiremeter. 

eases  have  yet  been  established,  certain  important  results  have 
already  been  obtained  to  which  reference  will  be  made  in  the 
next  chapter.  Electrolytic  operations,  especially,  have  yielded 
much  more  definite  results  since  the  measuring  of  the  current 
used  has  been  more  regularly  practiced. 
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It  is  therefore  most  earnestly  urged  upon  the  practitioner 
who  uses  the  galvanic  current  that  the  milliamperemeter  should 
be  a  constant  accessory  to  the  battery  in  the  application  of 
electro-therapy  and  diagnosis.  The  proper  construction  of  this 
instrument  has  been  described  in  the  first  part  of  this  work. 
In  all  stationary  batteries  now  made  by  the  instrument-makers 
it  is  an  essential  part  of  the  outfit.  It  should,  in  addition, 
be  used  also  in  measuring  the  current  when  a  portable  battery 
is  used.  Fig.  195  shows  the  instrument  connected  in  circuit 
with  a  portable  battery. 

Rheostat,  on  Current  Controller. — In  the  practical  application 
of  electricity  it  is  often  desirable  to  use  a  less  strength  of  cur- 
rent than  is  furnished  by  a  single 
cell,  or  to  increase  or  diminish  the 
current  more  gradually  than  can 
be  done  by  the  addition  or  dropping 
out  of  circuit  single  ceUs  by  means 
of  the  current  selector.  For  this 
purpose  a  carefully  graduated  rhe- 
ostat should  be  used.  The  rheostats 
usually  furnished  with  galvanic 
batteries  are  in  the  form  of  re- 
sistance coils,  each  of  which  when 
switched  into  the  circuit  introduces  a  certain  definite  resistance 
depending  upon  the  length,  thickness,  and  kind  of  wire  used. 
(See  "  Resistance,"  Part  I.)  But  these  forms  of  rheostat  are 
not  suitable  for  medical  purposes,  where  an  instrument  is  re- 
quired that  will  gradually — almost  imperceptibly — vary  the  cur- 
rent strength  instead  of  increasing  or  diminishing  ii  per  saltum, 
as  happens  in  the  older  form  of  resistance  coils. 

An  excellent  resistance  instrument  is  the  water  rheostat 
(Fig.  196),  which  permits  a  very  gradual  increase  or  decrease  in 
the  current.  It  is,  however,  more  suitable  for  interposition  in  a 
faradic  than  in  a  galvanic  circuit,  for  when  the  latter  current 
passes  through  the  water  electrolysis  of  the  hquid  immediately 


Fig.  195.  —  Method    of    Connecting 

MiLLIAMPfeKEMETER  TO  PORTABLE 

Battery. 
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begins,  which  soon  itself  adds  to  the  resistance  by  coating  one 
of  the  contact  points  with  hydrogen  gas. 

A  more  recent  form  of  the  water  rheostat  is  the  "Baily 
Current  Regulator  "  (Fig.  197),  manufactured  by  the  Law  Battery 
Company,  of  New  York.  The  place  of  the  rod  of  metal  in  the 
ordinary  water  rheostat  is  taken  in  this  instrument  by  four  carbon 
plates  tapering  to  a  point.  The 
current  can  be  very  gradually 
increased  or  decreased  with  this 
rheostat.  Among  other  forms 
highly  recommended  are  the 
graphite  rheostat  of  Dr.  Gartner, 
of  Vienna,  and  a  modification  of 
this  instrument  by  Dr.  G.  Betton 
Massey,  and  figured  in  his  book.* 


Fig.  196.— Water  Rheostat. 


Fig.  197.— Baily  Current  Regulatoe. 


Electrodes,  or  Rheo phones. — Electrodes  are  instruments 
through  which  electricity  is  applied  to  the  body.  They  vary  in 
size  and  shape  with  the  special  purpose  for  which  they  are  used. 


*  Electricity  in  the  Diseases  of  Women,    Philadelphia :  F.  A.  Davis.    1889. 
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Those  most  frequently  used  are  the  ordinary  flat  electrodes,  one 
and  one-half  inches  in  diameter,  and  covered  with  sponge,  or 
absorbent  cotton,  as  suggested  by  Dr.  G.  Betton  Massey.  The 
absorbent-cotton  covering  is  much  neater  and  cleaner  than  the 
sponge,  and  should  come  into  general  use.  A  new  cover  is  used 
for  each  sitting.  This  electrode  is  only  shghtly  larger  than  the 
"normal  electrode"  of  Erb,  and  may  be  used  ordinarily  as  a 
testing  electrode  in  electro-diagnosis.  The  surface  of  all  elec- 
trodes should  be  of  metal,  nickel-plated,  or  of  carbon.  For  the 
galvanic  current  the  carbon  electrodes  are  better,  as  they  are  not 


/ 


\ 


Fig.  198.— Erb's  Electrodes. 


corroded  by  the  electrolytic  action  when  a  saline  solution  is  used 
to  moisten  them.  The  cut  (Fig.  198)  shows  a  number  of  the 
electrodes  used  by  Erb.  The  smaller  ones  are  used  for  fine 
nerve-branches  and  small  muscles,  while  the  larger  ones  are  used 
for  determining  the  quantitative  reaction  of  various  muscles. 
The  "indifferent"  electrode  of  Erb  has  a  surface  of  fifty  square 
centimetres,  is  oblong  in  shape,  with  a  slightly  concave  surface, 
and  well  padded  "with  cotton.  Its  size  is  about  five  by  ten  cen- 
timetres (two  by  four  inches).    This  electrode  is  useful  in  stimu- 


238       PRACTICAL   ELECTRICITY   IN   MEDICINE    AND    SURGERY. 

lating  large  muscles  to  contraction  and  in  applying  electricity  to 
the  chest,  abdomen,  and  thighs ;  where  large  surfaces  are  to  be 
covered  at  a  time,  still  larger  electrodes  are  used  by  Erb,  von 
Ziemssen,  and  others. 

For  the  purpose  of  stimulating  the  sensation  of  the  skin, 
or  of  producing  reflex  muscular  contraction  by  irritation  of  the 
skin,  the  electric  brush  or  scourge  is  used  (Fig.  199). 


Fig.  199.— Electric  Brush. 

In  order  to  reduce  the  expense  of  an  electrical  outfit  and  to 
economize  space,  instrument-makers  usually  furnish  a  common 
or  "universal"  handle,  to  which  all  the  various  electrodes  may 
be  attached.  Some  of  these  handles  are  plain,  others  are  pro- 
vided with  a  key  for  interrupting  the  current.  Examples  of 
each  are  here  shown  (Figs.  200  and  201). 


Fig.  200.— Plain  Electrode  Handle.    (Barrett.) 


Fig.  201.— Intebrttpting  Electrode  Handle.    (Barrett.) 


Some  makers  have  introduced  various  complicated  arrange- 
ments in  the  handles  of  electrodes.  Among  these  are  commu- 
tator handles  and  rheostat  handles.  All  these  accessories  are, 
however,  better  introduced  in  some  other  portion  of  the  circuit. 
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Fig.  207.— Skin  ExciTATOR.    (Barrett.)  Fig.  208.— Skin  Excitator.    (Mcintosh.) 
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For  convenience  of  manipulation  and  to  secure  acciu'ate 
and  firm  adaptation  of  the  contacts  to  the  skin  so-called  "fixa- 
tion electrodes"  are  used  (Fig.  202).  Those  shown  in  the  cut 
may  be  used  for  the  neck,  thigh,  leg,  or  arm.  The  preceding 
page  shows  a  number  of  special  electrodes  adapted  for  various 
purposes. 

Fig.  203  is  a  flexible  electrode  for  the  application  of  the 
current  to  the  head,  or  to  painful  surfaces,  such  as  inflamed 
joints.  Fig.  204,  a  metallic  foot-plate,  which  can  be  covered 
with  a  towel  moistened  with  a  warm  saline  solution,  thus  obvi- 
ating the  necessity  of  using  a  sponge-covered  electrode,  which 
soon  becomes  dirty.  Fig.  205  is  an  electrode  with  a  long  stem, 
for  use  along  the  spine,  avoiding  the  necessity  of  removing  the 
clothing.  Fig.  206  is  a  massage  electrode,  which  is  very  useful 
in  cases  of  chronic  inflammation  of  the  joints  and  chronic  in- 
flammatory inflltrations.  Figs.  207  and  208  are  electrodes  for 
producing  faradic  excitation  of  the  skin,  in  anaesthesia,  or  where 
it  is  desired  to  aflect  deep-seated  organs  by  reflex  action. 

Other  electrodes  for  special  uses  will  be  described  in  the 
appropriate  sections  in  the  chapter  on  Electro-Therapeutics. 

ELECTRO-CAUTERY   APPARATUS. 

Batteries. — The  elements  of  a  galvano-cautery  battery 
should  have  large  surface,  and  the  battery  should  have  small 
internal  resistance.  The  electro-motive  force  should  be  suflicient 
to  readily  overcome  all  the  resistance  of  the  circuit,  and  the 
current  large  enough  to  produce  and  maintain  a  suflficiently 
high  degree  of  heat  in  the  cautery  points.  The  battery  should 
not  polarize  quickly,  or,  in  the  event  of  this  being  unavoidable, 
should  be  supplied  with  an  arrangement  for  rapid  depolarization. 

Cautery  batteries  should  also  be  portable,  as  many  operations 
require  to  be  done  at  the  patient's  home.  It  is  essential,  how- 
ever, that  efficiency  of  action  shall  not  be  sacrificed  to  porta- 
bility. In  hospitals  or  offices,  where  a  cautery  is  frequently 
required,  a  stationary  battery  placed  in  a  cellar  or  closet,  and 
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connected  with  a  switcli-board  in  the  operating-room,  will  give 
more  satisfaction  than  a  portable  battery,  becanse  the  plates  and 
cells  can  be  made  larger.  Fig.  209  shows  such  a  stationary- 
battery,  modeled  after  that  of  Bruns.     It  is  extremely  convenient 

for  office  and  hospital  work. 
At  the  present  day  most  cautery 
batteries  are  made  with  zinc- 
carbon  elements,  and  use  the 
acid  solution  of  potassium  bi- 
chromate as  the  exciting  fluid. 

The  rapid  action  going  on 
in  the  cell  causes  the  evolution 
of  a  large  quantity  of  hydrogen 
gas,  which  produces  polarization 
of  the  carbon  plate  unless  it  is 
displaced  by  agitating  the  liquid. 
This  is  done  in  some  batteries 
by  shaking  the  plates  by  means 
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Fig.  209.— McIntosh's  Stationary 
Cautery  Battery. 


Fig.  210.— Top  of  Piffard  Battery,  show- 
ing Connections  for  Series  and 
Quantity. 


of  a  treadle,  in  others  by  forcing  a  current  of  air  through  the 
fluid  with  a  rubber  bulb,  or  by  giving  the  plates,  which  are 
hung  on  pivots,  a  rocking  motion  with  the  hand.  One  of  the 
most  convenient  forms  of  portable  cautery  battery  is  that  devised 
by  Dr.  Henry  G.  PifFard,  of  New  York,  and  shown  in  Fig.  210. 


16 
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Storage  batteries  give  excellent  satisfaction  as  cautery 
batteries.  They  can  be  charged  by  attaching  them  to  a  series 
of  gravity  cells  (ten  or  twelve  are  sufficient),  and  when  the 
battery  is  wanted  for  use  it  can  be  detached  from  the  charging 
cells  and  carried  wherever  needed.  When  the  electrodes  are 
attached,  and  the  rate  of  discharge  regulated  by  a  rheostat,  the 
instrument  is  ready  for  use.  In  Fig.  211  a  storage  battery  for 
this  purpose  is  shown.  It  contains  three  cells,  and  furnishes  a 
current  powerful  enough  for  all  cautery  requirements. 


Fig.  2n.— Storage  Battery  for  Galvano-Catjtery. 


Dynamo  Machines. — Several  European  surgeons  have  used 
a  small  Gramme  machine  as  the  source  of  the  energy  required 
to  heat  cautery  electrodes.  Where  steam,  water-power,  a  gas- 
engine,  or  an  electro-motor  can  be  obtained,  a  dynamo  machine 
furnishes  the  ideal  source  of  electrical  energy  for  the  physician. 
A  compound  machine  of,  say,  a  half  horse-power  will,  so  long 
as  it  is  kept  rotating  at  the  proper  rate  of  speed,  furnish  (1)  a 
current  of  low  electro-motive  force  and  large  "  quantity,"  suitable 
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for  electro-cantery  operations ;  (2)  a  current  of  high  electro-motive 
force  and  small  "quantity,"  suitable  for  electrolytic  work  and 
the  general  purposes  of  the  medical  electrician,  and  (3)  a  cur- 
rent by  which  an  induction  coil  can  be  worked  so  as  to  give  a 
faradic  current.  Naturally,  this  is  only  practicable  for  stationary 
outfits.  For  a  portable  apparatus  the  physician  is  still  limited 
to  the  ordinary  and  storage  batteries.     The  Mcintosh  Battery 


Fir.  212.— The  McIntosh  MEDicAii  Dynamo. 

Company,  of  Chicago,  makes  a  dynamo  machine,  called  "  The 
Medical  Dynamo,"  which  seems  to  meet  the  requirements  of  the 
physician.  In  addition  to  furnishing  the  required  current  for 
cautery  work,  it  will  at  the  same  time  give  a  lighting-power 
sufficient  for  rhinoscopic  or  laryngoscopic  work.  The  advantage 
of  this  combination  must  be  readily  evident.  This  machine  is 
shown  in  Fig.  212. 
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Electrodes  for  Galvano-cautery. — The  cautery  electrodes 
consist  of  knives  (flattened  loops  of  platinum  wire),  fine  and 
broad  points,  and  loops.  The  conducting  wires  are  of  copper, 
a  good  conductor,  while  the  burning-points  consist  of  loops  of 
platinum  wire,  which,  offering  more  resistance  to  the  current,  is 
heated,  while  the  copper  wire  is  not  at  all  or  only  slightly 
heated  by  the  current.  On  reference  to  pages  43-45,  the  reader 
will  find  the  reasons  for  this  given  more  in  detail. 

The  practical  use  of  the  galvano-cautery  requires  a  careful 
study  of  the  relations  between  electro-motive  force,  resistance, 


Fig.  213.— Varioxjs-Shaeed  Burners 'and  Combination  Handles. 


and  current ;  in  other  words,  an  understanding  of  Ohm's  law. 
For  example,  the  short  loop  of  flattened  wire  constituting  a 
cautery  knife  offers  little  resistance  to  the  passage  of  the  cur- 
rent, and  consequently  requires  only  a  low  electro-motive  force, 
probably  an  electro-motive  force  of  not  over  two  volts,  which 
would  be  furnished  by  a  single  cell  of  a  good  storage  battery 
or  by  two  cells  of  any  good  cautery  battery.  If,  on  the  other 
hand,  a  loop  of  wire  eight  or  ten  inches  long  is  to  be  heated, 
the  resistance  is  very  much  increased,  and  a  higher  voltage 


ELECTRODES   FOR   GALVANO-CAUTERY.  245 

(electro-motive  force)  would  be  requisite  to  overcome  it,  and  to 
allow  the  current  to  produce  the  heating  effect.  It  will  be  clear, 
then,  at  once  to  the  reader  that  the  mere  possession  of  a  cautery 
outfit  will  not  insure  success  in  any  operation  undertaken, 
unless  the  possessor  has  the  requisite  knowledge  to  use  it 
properly. 

Cautery  electrodes  consist  of  two  parts,  the  cautery  proper 
and  the  holder  or  handle.  Most  outfits  are  now  furnished  with 
what  is  known  as  a  "Universal"  handle,  to  which  most  of  the 
cautery  points  can  be  attached.  Fig.  213  shows  such  a  combi- 
nation handle,  with  ratchet-wheel  to  shorten  the  wire  loop  as  it 
cuts,  or  rather  burns,  its  way  through  the  tissues.  Immediately 
below  are  given  illustrations  of  a  large  variety  of  burners, 
knives,  points,  and  loops. 


Fig.  214.— Large  Cautery  Handle. 

Where  large  masses  are  to  be  removed,  as  in  amputation 
of  the  cervix  uteri,  a  handle  with  an  ecraseur  screw  is  used  to 
shorten  the  wire,  which  passes  through  two  conducting  tubes. 
Fig.  214  illustrates  this  large  handle. 

OTHER   ELECTRICAL   INSTRUMENTS   FOR    SURGICAL   PURPOSES. 

For  the  rapid  and  accurate  trephining  and  sawing  of  bones, 
and  burring  or  rimming  out  exostoses,  various  instruments,  in 
which  electricity  is  used  as  the  motive  power,  have  been  devised 
by  surgeons  and  dentists.  It  would  take  up  too  much  space  to 
describe  these  in  detail  in  this  work.  Attention  may,  however, 
be  directed  to  the  ingenious  and  elaborate  development  of  the 
electro-motor  in  surgery,  made  by  Dr.  M.  J.  Roberts,  of  New 
York,  in  his  electric  osteotome.* 

*  International  Journal  of  Surgery  and  Antiseptics,  January,  1888, 
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INSTRUMENTS   FOR   APPLYING   STATIC   ELECTRICITY. 

The  principles  of  static  induction  and  the  construction  of 
static  machines  have  been  explained  in  sufficient  detail  in  the 
first  part  of  this  work  (pages  23-27).  It  remains  necessary 
to  show  here  the  methods  of  application  of  static  electricity  or 
franklinism  in  the  treatment  of  disease. 

It  is  a  matter  of  some  interest  that,  while  the  first  syste- 
matic applications  of  electricity  for  the  treatment  of  disease 
were  of  the  static  or  franklinic  variety,  this  passed  out  of  use 
almost  altogether  after  the  discovery  of  the  voltaic  pile,  the 
magneto-electric  machine,  and  the  induction  coil.  Within  a 
few  years  past,  however,  improvements  in  the  static  machine 
have  again  directed  attention  to  this  form  of  electricity,  and  at 
the  present  time  it  is  being  largely  employed  as  a  therapeutic 
agent.  Benedikt,  Stein,  and  Lewandowski,  in  Germany,  and 
A.  L.  Ranney,  in  the  United  States,  are  at  present  the  most  en- 
thusiastic cultivators  of  this  special  field  of  electro-therapy. 

The  Static  Machine. — Most  of  the  static  machines  at  pres- 
ent in  use  are  modifications  of  the  "influence  machines"  of 
Holtz  (pages  26  and  27,  Part  I)  and  Toepler.  Messrs.  Queen 
&  Co.,  of  Philadelphia;  Waite  &  Bartlett,  of  New  York;  and 
the  Mcintosh  Battery  Company,  of  Chicago,  make  static  ma- 
chines that  give  a  constant  discharge  of  high  electro-motive 
force. 

By  the  use  of  a  gas-engine  or  an  electro-motor  run  by  a  stor- 
age battery,  the  presence  of  an  assistant  to  turn  the  crank  can 
be  dispensed  with.  The  necessary  accessories  in  using  static 
electricity  are,  in  addition  to  the  influence  machine  (Fig.  215), 
an  insulated  platform  and  stool,  a  set  of  electrodes,  Leyden  jars, 
chains,  hooks,  and  rods. 

Prof  A.  L.  Eanney,  who  has  devoted  much  study  to  this 
subject,  gives  these  directions  for  the  care  of  the  static  machine  :* 
"  The  machine  should  be  placed  in  a  perfectly  dry  room,  and,  if 

*  Annual  of  the  Universal  Medical  Sciences,  1888,  vol.  v,  p.  75. 
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possible,  in  a  position  to  allow  the  sun's  rays  to  fall  directly 
upon  the  plates.  The  metal  parts  should  be  rubbed  briskly 
every  morning  with  dry  chamois-skin  or  silk.     They  should  be 


Fig.  215.— Ranney's  Impkoveb  HoiiXz  Indtjctiok  Machinb. 

occasionally  repolished  with  emery  paper.  The  bearings  should 
be  occasionally  oiled  and  the  leather  belt  tightened.  During 
the  sumrner  fresh  chloride  of  calcium  should  be  kept  within  the 
case  to  absorb  moisture." 


Part  III. 

The  Applications  of  Electricity 

IN  THE 

Treatment  of  Disease. 
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CHAPTER  I. 

General  Therapeutic  Effects  of  Electricity  and  Methods 

OF  Application. 

Electricity  is  employed  in  medicine  and  surgery  for  a 
variety  of  purposes  and  in  different  ways.  At  one  time  its  use 
is  to  stimulate  nutrition ;  at  another,  to  excite  muscular  contrac- 
tion by  its  irritant  or  exciting  effects  acting  either  directly  on  the 
muscular  fibre  or  indirectly  through  the  nerve-supply  of  the 
muscle.  Again,  the  current  is  used  to  modify  the  blood-supply 
of  a  part;  here  to  relieve  pain,  there  to  exalt  sensation;  now 
to  destroy  tissue  by  the  slow  process  of  electrolysis,  then  to 
remove  a  part  by  the  rapidly-acting  galvano-cautery ;  and, 
finally,  to  furnish  light  and  a  medium  of  sound-transmission  for 
diagnostic  purposes. 

All  of  these  various  applications  and  the  methods  by  which 
they  are  used  require  detailed  description  and  explanation. 

Eor  many  years,  Duchenne,  in  France,  and  R.  Remak,  in 
Germany,  led  two  great  opposing  schools  of  electro-therapeutics. 
The  French  school,  under  the  leadership  of  their  great  master 
to  whom  the  electro-therapeutic  art  is  under  so  many  obligations, 
attributed  nearly  all  the  good  effects  of  electricity  to  the  induced 
or  faradic  current ;  while  the  German  school,  following  Remak, 
as  exclusively  pinned  their  faith  to  the  constant  or  galvanic  cur- 
rent. More  recently,  however,  under  the  teaching  of  such  emi- 
nent clinical  observers  as  von  Ziemssen,  Erb,  Benedikt,  E.  Remak, 
and  others,  in  Germany ;  Onimus,  Legros,  Charcot,  and  Apos- 
toli,  in  France;  Althaus,  De  Watteville,  and  Russell  Reynolds, 
in  England,  and  especially  the  late  Dr.  George  M.  Beard  and 
his  collaborator,  Dr.  A.  D.  Rockwell,  in  this  country,  it  has  been 
accepted  that  both  currents  have  their  appropriate  indications, 

(251) 


252        PRACTICAL   ELECTRICITY   IN   MEDICINE   AND    SURGERY. 

and  that  in  some  cases  it  is  profitable  to  combine  them  for  con- 
temporaneous use,  or  to  employ  them  in  succession  or  alternately 
at  the  same  sitting. 

Much  has  been  written  of  the  diiferent  effects  of  the  so- 
called  "ascending"  and  "descending"  currents,  and  of  the  dif- 
ferent poles,  upon  the  seat  (or  supposed  seat)  of  the  disease.  It 
may  be  asserted,  however,  that  at  present  our  knowledge  is  not 
sufficiently  definite  to  indicate  that  the  direction  of  the  current 
(if,  indeed,  we  may  properly  speak  of  direction  of  current)  has 
any  especial  influence.  Electro-therapeutists  are  by  no  means 
agreed  that  the  direction  in  which  the  current  passes  through 
diseased  tissue  is  of  any  particular  importance  to  the  end  aimed 
at,  ^.e.,  the  cure  of  the  morbid  condition.  Since  the  physio- 
logical and  therapeutical  researches  of  Brenner  and  von  Ziems- 
sen,  however,  we  are  justified  in  attributing  some  importance  to 
the  particular  pole  used.  This  presupposes  a  correct  apprecia- 
tion of  the  objects  had  in  view  in  the  application  of  the  current 
and  a  knowledge  of  electro-physics  and  electro-physiology.  The 
physician  should  learn,  even  before  he  has  purchased  a  battery 
and  electrical  outfit,  that  an  agent  so  powerful  for  good,  if 
properly,  rationally,  and  intelligently  used,  is  no  less  potent  for 
harm  if  ignorantly  or  improperly  employed. 

Galvanism. — The  galvanic  current  is  used  in  medicine  for 
its  general  and  local  effects.  Its  methods  of  application  are 
these : — 

1.  General  galvanization. 

2.  Central  galvanization. 

3.  The  galvanic  bath. 

4.  Local  galvanization. 

General  Galvanization. — This  consists  in  the  use  of  a  large 
metal  plate,  covered  with  a  sponge  or  towel  moistened  with 
warm  salt  water,  as  cathode.  The  patient  places  his  feet  upon 
this  plate,  or  he  may  sit  upon  it,  the  feet  or  buttocks  being,  of 
course,  uncovered.  The  anode  is  a  large  sponge  electrode,  or 
the  operator  may  use  his  hand  instead,  placing  himself  in  the 
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circuit.  Having  regulated  by  means  of  the  current  selector, 
or  rheostat,  the  strength  of  the  current,  which  the  operator 
should  test  on  his  own  person,  the  patient  is  placed  in  the 
desired  position  (the  sitting  posture  is  most  convenient),  and 
the  foot  or  buttock  electrode  connected  with  the  negative 
pole  of  the  battery.  The  sponge  anode  or  the  electrical  hand 
(well  moistened)  is  then  applied  to  the  body  in  regular  order, 
beginning  with  the  head  (where  very  weak  currents  should  be 
used),  over  the  face  and  neck,  the  upper  extremities,  the  trunk, 
thighs,  and  along  the  spine.  The  current  should  never  be  strong 
enough  to  excite  violent  muscular  contraction  or  give  rise  to 
severe  pain. 

General  galvanization  can  be  employed  in  connection  with 
local  galvanization  in  various  neurotic  or  functional  disorders  of 
certain  organs. 

Central  Galvanization. — Under  this  name  Dr.  Beard  de- 
scribed a  modified  procedure,  which  consists  in  placing  one  large 
electrode  (cathode)  over  the  epigastrium,  and  the  anode,  in  the 
same  manner  as  in  general  galvanization,  over  the  head,  neck, 
upper  extremities,  trunk,  and  along  the  spine. 

Sittings  for  the  application  of  general  and  central  galvaniza- 
tion may  last  five  to  fifteen  minutes.  If  unpleasant  eftects  or 
aggravation  of  the  symptoms  follow  the  employment  of  these 
methods,  the  current  used  may  have  been  too  strong,  or  the  pro- 
cedure unsuitable  to  the  case. 

The  conditions  especially  suitable  for  treatment  by  general 
and  central  galvanization  are  the  general  functional  neuroses, — 
neurasthenia,  hysteria,  hypochondria,  headaches  of  various  kinds, 
psychoses,  chorea,  and  general  depression  of  the  vital  powers. 

Electric  Bath. — The  electric  bath,  after  remaining  in  the 
exclusive  possession  of  ignorant  quacks  and  charlatans  for  many 
years,  has  recently  been  subjected  to  thorough  study  by  scientific 
electro-therapeutists,  chief  among  whom  are  Stein,  Eulenburg, 
and  Lehr.  The  technique  of  the  electric  bath  has  been  par- 
ticulajly  developed  by  the  two  last-named  observers,  who  have 
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also  endeavored  to  more  definitely  establish  its  physiological 
effects  and  therapeutic  applications.  Although  some  encourag- 
ing results  have  been  obtained,  the  indications  for  this  method 
of  applying  electricity  still  lack  precision.  Either  the  constant 
or  faradic  current  may  be  employed  in  the  electric  bath. 

The  methods  of  using  the  bath  are  various.  We  speak 
of  unipolar  and  bipolar,  or  multipolar  general  electric  baths, 
and  of  local  electric  baths.  The  arrangements  for  these  are, 
briefly,  as  follow: — 

Unipolar  Bath. — The  bath-tub  itself,  with  its  contained 
water,  constitutes  one  electrode,  while  the  other  consists  of  a 
metal  rod  fixed  at  a  convenient  height  above  the  bath-tub.  The 
circuit  is  made  and  broken  by  grasping  and  letting  go  this  rod 
with  the  hands.  If  the  bath-tub  itself  is  of  non-conducting 
material,  metal  terminals  are  inserted  in  the  walls  of  the  tub 
and  connected  with  the  conducting  cords.  There  may  be  one 
or  many  of  these  points  of  contact. 

The  body  of  the  patient  is  prevented  from  touching  the 
metal  sides  and  bottom  of  the  tub,  or  the  electrodes,  by  a  light 
lattice-work  of  wood. 

Bipolar  Bath. — In  the  bipolar  or  multipolar  bath  the 
current  enters  at  one  side  of  the  tub  and  passes  out  at  the  other 
through  flat  electrodes, — usually  copper  plates  of  large  size, 
called  "  shovel  electrodes  "  from  their  general  shape. 

According  to  Eulenburg,  the  unipolar  bath  answers  all 
purposes  for  which  the  electric  bath  can  be  necessary,  although 
Lehr  states  that  the  bipolar  bath  is  more  agreeable  and  con- 
venient. The  electric  bath  can  be  employed  in  the  sick-room 
by  using  one  of  the  portable  rubber  or  canvas  bath-tubs,  and 
passing  the  current  through  the  water  by  means  of  two  or  more 
large  plate  electrodes. 

The  indications  for  electric  baths  are,  general  furctional 
neuroses,  lowered  nutrition,  chronic  gout  and  rheumatism, 
multiple  neuralgias,  tremor,  neurotic  skin  affections  (pemphigus 
and    dermatitis   herpetiformis),  cerebral    and   spinal   irritation, 
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neurasthenia,  hypochondria,  etc.  In  hysteria,  hystero-epilepsy, 
and  heart  affections  this  form  of  general  electrization  is  contra- 
indicated. 

Localized  Galvanization. — The  study  of  the  local  effects 
of  galvanism  has  been  much  advanced  by  the  laborious  investi- 
gations of  R.  Remak,  Brenner,  von  Ziemssen,  Erb,  and  others. 
Many  of  the  results  obtained  have  ah*eady  been  considered  in 
the  sections  on  electro-physiology  and  electro-diagnosis.  Here 
the  electrolytic,  cataphoric,  vasomotor,  and  trophic  effects  will 
be  especially  considered. 

Electrolysis. — If  the  reader  will  refer  to  the  section  on 
Electrolysis  in  the  first  part  of  this  work,  he  will  there  find 
clearly  stated  certain  well-established  laws  governing  the  passage 
of  the  current  through  an  electrolyte,  or  electrolytic  conduction. 
These  laws  have  been  established  by  observation  of  the  action 
of  the  current  on  inorganic  compounds  of  simple,  and  hence 
more  or  less  stable,  composition.  When  we  endeavor  to  apply 
these  laws  to  the  phenomena  of  electrolysis  of  organic  com- 
pounds, we  meet  with  many  difficulties  and  apparent  contradic- 
tions. There  is  reason  to  believe,  however,  that  the  laws 
remain  the  same,  whether  the  electrolysis  takes  place  in  inorganic 
or  organic  compounds,  and  that  the  difficulty  is  entirely  due  to 
our  deficient  knowledge  of  what  takes  place  when  an  electro- 
lytic current  is  passed  through  organic  tissue. 

If  we  assume  that  organic  tissues,  such,  for  example,  of 
which  the  human  body  is  composed,  are  electrolytes,  and  that 
the  passage  of  a  current  through  such  tissues  always  causes 
electrolytic  decomposition,  much  of  the  difficulty  vanishes.  The 
complexity  of  the  results  of  electrolysis  in  organic  tissues  as 
compared  with  inorganic  electrolytes  may  be  explained,  in  part 
at  least,  by  the  greater  chemical  complexity  of  the  former. 
Furthermore,  organic  tissue — a  gland,  muscle,  or  morbid 
growth — must  be  considered  as  a  multitude  of  electrolytes  of 
different  composition  placed  side  by  side;  and  on  passing  a 
current  through   such  a  collection  of  differing  electrolytes  we 
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may  expect  not  merely  the  results  of  decomposition  at  the 
electrodes,  but,  assuming  each  individual  tissue  (muscle-fibre, 
connective  tissue,  nerve,  blood-vessel,  lymph-space,  etc.)  to  have 
different  composition  and  resistances,  we  should  have  a  multi- 
tude of  electrodes  between  the  two  terminals  of  the  battery, 
and  might  reasonably  expect  a  separation  of  ions  at  each  point 
Ivhere  the  current  passes  from  one  sort  of  tissue  to  another. 
With  this  conception  we  can  understand  without  much  difficulty 
ivhat  has  been  termed  "interpolar  action,"  but  which  has  not 
heretofore  been  clearly  explained  on  any  physical  law. 

The  methods  of  applying  the  galvanic  current  for  electro- 
lytic purposes  vary  with  the  special  cases  for  which  it  is 
employed.  Wherever  applicable,  one  or  both  electrodes  should 
be  directly  introduced  into  the  tissue  which  it  is  desired  to 
decompose.  In  other  cases,  the  transmission  of  a  current  seems 
to  be  efficient,  no  matter  whether  the  electrodes  are  directly  in 
contact  with  the  tissues  or  not. 

Electrolysis  is  employed  for  the  purpose  of  causing  absorp- 
tion of  serous  eiFusions,  solid  inflammatory  infiltrations,  and 
new  growths,  for  the  destruction  of  smaller  new  formations 
(warts,  nsevi,  tumors)  or  normal  growths  in  abnormal  situations 
(hirsuties,  trichiasis).  It  is  also  taken  advantage  of  for  the 
destruction  of  the  foetus  in  extra-uterine  pregnancy.  In  aneu- 
rism it  has  taken  a  leading  position  as  a  safe  and  efficient  mode 
of  treatment,  and  angioma,  cystic  goitre,  and  bony  ankylosis 
have  yielded  to  its  persistent  and  systematic  employment. 

Cataphoresis. — Various  experimenters  have  shown  that  a 
galvanic. current  passing  through  a  vessel  containing  fluid  sepa- 
rated by  a  porous  division  causes  a  transfer  of  fluid  through  the 
porous  partition,  so  that  the  fluid  stands  higher  on  one  side  of 
the  partition  than  on  the  other.  This  phenomenon  is  called 
electrical  osmosis.  The  direction  of  osmotic  action  is  with  the 
current,  ?'.e.,  from  the  anode  to  the  cathode.  Experiments  upon 
animal  tissues  have  shown  that  medicinal  substances,  for  ex- 
ample, iodine,  quinine,  strychnine,  cocaine,  bichloride  of  mer- 
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cuiy,  etc.,  could  be  made  to  traverse  organic  tissues — the  epi- 
dermis among  others — in  the  same  way.  This  property  of  the 
galvanic  current  has  been  taken  advantage  of  to  a  limited  ex- 
tent to  favor  the  entrance  of  medicaments  through  the  skin.  It 
is  said  that  local  ansesthesia  has  been  thus  produced  with  cocaine 
and  chloroform,  and  that  mercuric  bichloride  has  in  this  way 
been  "driven  into"  the  skin  and  acted  more  efficiently  as  a  para- 
siticide than  when  merely  applied  to  the  surface. 

But  it  is  probable  that  this  cataphoric  or  osmotic  action 
also  plays  a  part  in  the  action  of  the  galvanic  current  in  cases 
of  serous  effusion,  and  the  absorption  of  infiltrations  generally. 
While  to  the  writer  it  appears  probable  that  most  of  the  results 
obtained  from  the  galvanic  current  in  such  cases  are  due  to  the 
electrolytic  action  already  referred  to,  it  is  also  rational  to  sup- 
pose that  the  osmotic  or  propulsive  action  of  the  current  assists 
in  the  removal  of  the  morbid  products. 

Vasomotor  Effects. — It  has  been  already  mentioned  that 
the  galvanic  current  produces  variations  in  the  calibre  of  the 
blood-vessels  at  the  points  of  application  of  the  electrodes. 
Similar  modifications  of  the  vascular  calibre  are  produced  by  a 
stimulation  of  certain  nerve-centres.  These  effects  upon  the 
vascular  system  are  sometimes  made  use  of  for  the  production 
of  therapeutic  results. 

Trophic  Effects. — Although  our  knowledge  of  a  trophic 
system  of  nerves  is  still  very  indefinite,  we  may  assume  the  ex- 
istence of  such  nerves  to  aid  us  in  explaining  the  phenomena 
of  nutrition.  Whether  galvanism  has  any  effects  upon  the  tro- 
phic nerves  is  immaterial  in  face  of  the  fact  that  it  undoubtedly 
has  a  decided  influence  upon  nutrition.  Atrophies  of  organs  or 
tissues  are  often  favorably  modified  by  the  galvanic  current. 

Catalytic  Effects. — The  effects  comprised  under  the  cata- 
phoric, vasomotor,  and  trophic  effects  have  been  ascribed  by 
R.  Remak  and  others  to  catalytic  action.  This  term,  which  did 
duty  for  so  long  in  chemistry  until  the  advance  of  the  science 
rendered  it  superfluous,  has   been   adopted  by  a   number  of 
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electro-therapeutists  to  cover  our  lack  of  definite  knowledge 
upon  the  subject,  Its  use  is  only  justifiable  on  the  ground  that 
we  have  no  well-defined  notions  of  what  takes  place  when  the 
galvanic  current  produces  the  effects  spoken  of  We  may  ex- 
cuse ourselves  for  using  the  term  by  quoting  the  dictum  of 
Mephistopheles  in  "Faust": — 

"Wo  Begriffe  fehlen, 
Da  stellt  ein  Wort  zur  rechten  Zeit  sich  ein  ;" 

but  its  use  is  hardly  creditable  to  our  scientific  honesty.  It  were 
better  to  drop  it  out  of  our  technical  terminology. 

Special  Methods  of  Localized  Galvanization. — It  has  been 
experimentally  shown  by  von  Ziemssen  and  others  (pp.  156,  157) 
that  the  galvanic  current  can  be  made  to  traverse  the  brain 
through  the  skull  and  produce  decided  effects.  Clinical  obser- 
vations also  seem  to  show  that  therapeutic  results  of  value  can 
be  obtained  by  the  transmission  of  electricity  through  this  organ, 
not  only  in  local  cerebral  complaints,  but  in  general  neuroses. 
The  methods  adopted  by  various  electro-therapeutists  for  influ- 
encing the  brain  are  the  following: — 

(«)  Longitudinal  Brain  Galvanization. — The  electrodes 
(large,  at  least  two  inches  square)  are  applied  to  the  forehead 
and  occiput,  and  a  mild  current  transmitted.  The  electrodes 
should  be  firmly  applied  first  and  then  the  current  gradually 
turned  on.  The  current  may  be  either  stabile  or  labile.*  The 
points  for  the  apphcation  of  the  electrodes  are  the  median  line 
and  the  frontal  protuberances  in  front,  and  the  occipito-vertebral 
junction  and  post-auricular  space  of  the  occiput  behind. 

(6)  Transverse  Brain  Galvanization. — Bearing  in  mind  the 
physiological  effects  of  transverse  brain  galvanization,  i.e.,  nau- 
sea, vertigo,  etc.,  extreme  caution  is  requisite  in  transmitting 
the  current  through  the  brain  from  side  to  side.  Very  weak 
currents  must  be  employed,  and  by  the  use  of  a  good  rheostat 

*  A  stabile  current  is  one  In  which  the  electrodes  are  held  firmly  in  the  positions  to  which 
they  are  applied.  In  tite  labile  application  one  or  both  of  the  electrodes  are  moved  about  with- 
out raising  them  from  the  surface.  Interrupted  application  consists  in  now  and  then  raising  one 
or  both  electrodes  and  reapplying  them.    This  method  is  rarely  used  in  brain  galvanization. 
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the  current  will  be  very  gradually  turned  on  and  increased  to 
the  degree  necessary.  The  circuit  should  not  be  abruptly  broken, 
but  by  increasing  the  resistance  gradually  by  means  of  the  rheo- 
stat the  current  should  be  slowly  diminished  to  zero.  It  is  essen- 
tial for  the  employment  of  brain  galvanization  that  a  trustworthy 
milliamperemeter  should  be  in  the  circuit,  which  should  be  con- 
stantly watched  to  note  the  strength  of  the  current  and  its  in- 
crease or  diminution.  With  the  use  of  the  electrode  above 
mentioned,  one  milliampere  of  current  is  usually  sufficient. 
The  points  for  the  application  of  the  electrodes  in  transverse 
brain  galvanization  are  the  two  sides  of  the  frontal  bone,  the 
parietal  protuberances  on  either  side,  the  temporal  bones,  and 
the  mastoid  processes. 

(c)  Diagonal  Brain  Galvanization. — In  this  method  the 
same  cautions  should  be  observed  as  in  transverse  galvanization 
of  the  brain.  The  electrodes  are  applied  to  the  frontal,  fronto- 
temporal,  or  fronto-parietal  region  on  one  side,  and  the  occipital 
region  on  the  other. 

Sittings  should  never  last  longer  than  three  to  five  minutes. 

Galvanization  of  the  brain  is  applicable  in  various  neurotic 
and  psychical  disorders,  e.g.,  headache,  insomnia,  mental  depres- 
sion, aphasia,  etc.  These  symptoms  are  often  improved,  and  in 
some  cases  the  structural  lesions,  effusions,  inflammatory  infil- 
trations, etc.,  are  benefited. 

Spina/  Galvanization. — Galvanization  of  the  spine  may  be 
longitudinal  or  transverse.  In  the  first  the  electrodes  are  placed 
over  the  spinous  processes  in  the  cervical  and  the  sacral  regions, 
or  short  sections  of  the  spine  may  be  taken  at  a  time.  In  trans- 
verse galvanization  one  pole  is  placed  over  the  spine  and  the 
other  applied  to  the  median  line  in  front.  The  position  of  the 
poles  may  be  varied  so  that  both  poles  may  be  brought  succes- 
sively over  the  seat  of  the  lesion.  Careful  observation  will 
teach  the  practitioner  the  polar  effect  most  desirable  in  the  case 
under  treatment. 

The  current  may  also  be  transmitted  from  the  spine  to  the 
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peripheral  nerves  or  plexuses,  one  electrode  being  placed  over 
the  spine,  and  the  other  over  the  respective  nerve-trunk  or  plexus. 
Here,  also,  the  current  may  be  tried  in  different  directions  to 
ascertain  which  gives  the  more  beneficial  effect.  Moderate  cur- 
rents, gradually  increased  and  decreased,  are  indicated. 

The  therapeutic  indications  of  spinal  galvanization  are 
diseases  of  the  spinal  cord,  and  certain  functional  diseases  of  the 
brain,  abdominal  viscera,  and  the  generative  apparatus  in  both 
sexes. 

Subaural  Galvanization. — This  procedure,  knovt^n  generally 
as  galvanization  of  the  sympathetic,  is  best  carried  out  as 
foUoAvs :  An  electrode  two  inches  square  is  applied  to  the  neck 
at  the  maxillary  angle,  and  pressed  backward  toward  the  spine. 
The  other  electrode  is  applied  over  the  transverse  processes  of 
the  fifth  to  the  seventh  cervical  vertebrae  on  the  opposite  side  of 
the  body.     A  current  of  three  to  five  milliamperes  is  used. 

Although  the  physiological  effects  of  such  a  current  are 
indefinite,  the  clinical  results  in  many  cases  cannot  be  denied. 

Subaural  galvanization  is  used  with  advantage  in  various 
neuroses  about  the  head,  as  migraine,  insomnia,  tinnitus  aurium, 
vasomotor  disturbances  of  the  brain,  and  various  functional 
disorders  of  the  digestive  and  genito-urinary  organs. 

The  methods  of  employing  galvanization  of  the  eye  and  ear 
have  already  been  described  on  page  155. 

It  may  be  mentioned  that  subaural  galvanization  has  been 
used  with  success  in  the  treatment  of  corneal  ulcer.  The  use  of 
an  electrode  applied  directly  to  the  ulcerated  surface  has  also 
been  found  successful.  Naturally,  here  very  mild  cuiTents  are 
employed.  In  galvanization  of  the  ear,  the  ear  electrode  before 
described  should  be  used,  or  the  current  should  be  transmitted 
through  a  large  (two-inch)  electrode,  applied  over  the  mastoid 
process.  Tinnitus  aurium  and  nervous  deafness  are  proper 
conditions  for  the  employment  of  aural  galvanization. 

Constant  Infinitesimal  Currents. — The  effects  of  apparatus 
kept  constantly  applied  to  the  surface,  such  as  the  multifarious 
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varieties  of  electric  and  galvanic  belts,  pads,  brushes,  combs,  etc., 
have  been  studied  by  a  number  of  scientific  observers,  but 
nothing  very  definite  has  been  ascertained.  The  current  fur- 
nished by  these  devices  is  so  small  and  inconstant  that  they  can- 
not be  relied  upon  for  any  therapeutic  effects.  Notwithstanding 
this,  however,  the  constant  galvanic  current,  though  minute, 
furnished  by  these  arrangements  may  at  times  produce  decided 
modifications  of  nutrition  by  electrolysis.  Cases  have  been 
observed  where  small  sloughs  have  formed  under  the  battery 
terminals  when  the  belts  have  been  long  worn. 

Galvanic  Dosage. — Some  remarks  have  already  been  made 
upon  this  topic  when  discussing  the  measurement  of  currents, 
but  the  subject  is  of  such  supreme  importance  to  the  electro- 
therapeutist  that  no  apology  is  deemed  necessary  for  reverting 
to  it.  The  older  records  of  current  strength  used  in  diseases 
are  not  available  for  comparison  with  results  obtained  at  the 
present  day,  except  when  batteries  of  great  constancy  and 
known  electro-motive  force  and  current  were  employed.  We 
are  just  beginning  the  scientific  cultivation  of  electro-therapeutics. 
The  proper  dosage  of  the  current  is,  therefore,  a  subject  which 
demands  from  the  physician  the  closest  attention. 

As  a  general  rule  it  may  be  accepted  for  our  guidance  at 
present,  as  deduced  from  clinical  experience,  that  mild  currents, 
other  things  being  equal,  are  most  desirable.  Further  researches 
in  electro-therapeutics  may,  however,  cause  us  to  revise,  if 
not  reverse,  this  rule  for  many  diseases,  as  the  results  obtained 
by  Apostoli  and  his  followers  have  already  compelled  us  to  do 
for  one  class  of  cases.  Hence,  the  laws  of  the  current,  espe- 
cially Ohm's  law,  not  merely  in  its  mathematical  form,  but  in  its 
daily  intelligent  application,  must  be  studied  by  every  physician 
who  desires  to  succeed  in  the  electro-therapeutic  art.  It  must  be 
understood,  for  example,  that  a  current  of  10  milliamperes  is 
an  entirely  different  thing  in  degree  when  the  electrodes  are  3^ 
centimetres  and  when  they  are  30^  centimetres  in  area.  In  the 
one  case  the  sensation  would  be  decidedly  painful,  while  in  the 
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other  there  would  be  but  slight  sensory  reaction  to  the  current. 
The  therapeutic  effects  would,  doubtless,  likewise  be  different. 
A  little  practical  experience  will  show  the  careful  observer  that 
the  electric  current  and  its  effects  are  not  merely  dependent 
upon  the  number,  kind,  and  size  of  the  elements  employed,  or 
upon  the  sort  of  conductors  and  size  of  the  electrodes,  but  also 
upon  the  degree  of  resistance  of  the  tissues  operated  upon, 

Miiller  and  Stintzing  have  endeavored  to  indicate  more 
particularly  the  proper  strength  of  current  to  employ  in  certain 
diseases  with  definite-sized  electrodes.  Taking  an  electrode  of, 
say,  eighteen  square  centimetres,  Miiller  uses  a  current  of  one 
milhampere  as  the  normal  standard  in  most  cases.  This  is 
written  in  the  form  of  a  fraction,  using  the  size  of  the  electrode 
as  a  denominator  and  the  number  of  milliamperes  as  a  numer- 
ator, thus,  y\.  Should  he  desire  to  use  a  larger  electrode,  say, 
of  36^  cm.,  the  strength  of  current  employed  is  2  ma.,  and  the 
symbol  is  then  written  -^g ,  In  other  cases  he  uses  stronger  cur- 
rents, for  example,  ^  (i.e.,  1  ma.  and  8^  cm.  electrode),  or,  when 
operating  about  the  cranium,  even  smaller  currents,  as  2^^  or  -^-q. 

Stintzing  has  shown,  however,  that  the  physiological  effect 
of  -^g-  is  not  equivalent  to  j^g ;  in  other  words,  that  an  equal  in- 
crease of  current,  with  the  size  of  electrode  used,  will  lead  to 
erroneous  conclusions.  He  has  found,  for  example,  that  -J-  acts 
upon  a  motor  nerve  not  with  the  strength  of  f ,  but  of  y^g-. 
Hence  the  symbol  and  fraction  of  Miiller  must  not  be  reduced 
to  its  lowest  terms,  but  recorded  in  its  original  form. 

Stintzing  states,  likewise,  that  the  currents  employed  by 
Miiller  are  too  weak  for  many  cases.  Thus  he  uses  in  spinal 
diseases  |^,  in  brain  diseases  3*25  and  in  subaural  galvanization 
currents  as  strong  as  2^. 

The  general  tendency  of  electro-therapeutists  is,  however, 
in  the  direction  marked  out  by  Miiller,  i.e.,  weak  currents  and 
short  sittings. 

Duration  of  Sittings. — The  duration  of  sittings  is  a  matter 
that   requires   further   study  in  connection  with  the  accurate 
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measurement  of  the  current.  In  nervous  disorders  sittings  of 
four  or  five  minutes  are  the  most  usuaL  Miiller  limits  the  sit- 
tings generally  to  one-half  to  one  minute,  rarely  exceeding  three 
minutes.  In  obstinate  neuralgias  sittings  of  from  fifteen  to 
thirty  minutes  are  often  extremely  beneficial,  when  shorter  sit- 
tings would  be  ineffectual.  The  duration  may  be  regulated  in 
a  measure  by  the  strength  of  the  current.  In  using  a  strong 
current,  a  short  sitting,  while  with  a  mild  current  a  longer  sit- 
ting may  be  allowed.  It  must  be  distinctly  understood,  how- 
ever, that  strength  of  current  and  length  of  the  seance  are  by 
no  means  convertible  terms. 

These  limitations  of  action  of  electricity,  both  as  relating 
to  strength  of  current  and  length  of  sitting,  are  more  particu- 
larly apphcable  when  this  agent  is  employed  for  brain  and  nerv- 
ous diseases.  When  it  comes  to  the  use  of  electricity  in  other 
portions  of  the  body,  especially  where  definite  results  are  looked 
for,  as  m  electrolysis  of  uterine  fibroids  or  other  morbid  growths, 
much  stronger  currents  are  required  to  produce  results  within  a 
reasonable  time. 

Farad ic  Electricity. — The  construction  of  the  faradic  ma- 
chine (induction  coil)  is  given  in  detail  in  the  first  part  of  this 
work,  and  special  apparatuses  for  physicians'  use  are  described  and 
illustrated  in  Chapter  III,  Part  II.  The  faradic  current  has  a 
strongly-marked  effect  upon  muscular  contractility,  sensation, 
vasomotor  conditions,  and,  either  directly  or  indirectly,  upon  nu- 
trition. It  sometimes  causes  or  promotes  absorption  of  effused 
products,  but  its  effects  in  these  instances  seem  to  depend  upon 
a  molecular  disarrangement  of  the  parts  acted  upon,  and  proba- 
bly upon  stimulation  of  the  blood  and  lymph-vascular  system, 
rather  than  upon  any  electrolytic  effects,  although  some  recent 
authors  are  fain  to  attribute  a  mild  electrolytic  effect  to  the 
faradic  as  well  as  to  the  galvanic  current. 

General  Faradization. — The  method  of  general  faradization 
is  practically  the  same  as  that  for  general  galvanization.  One 
pole  of  the  battery  is  connected  with  a  plate  placed  under  the 
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feet  or  buttocks,  and  the  other  pole,  armed  with  a  large  sponge 
electrode  (or  the  hand  of  the  operator  may  be  used,  as  in  gen- 
eral galvanization),  is  apphed  to  the  head,  neck,  spine,  upper 
extremity,  trunk,  etc.  The  strength  of  the  current  can  be  regu- 
lated by  moving  the  outer  coil  over  the  inner  one,  aided  by  a 
water  rheostat  in  the  circuit.  As  already  shown  (page  190), 
the  current  strength  of  a  faradic  machine  cannot  be  exactly 
measured.  The  sensations  or  motor  effects  of  the  current  must 
be  the  guide,  and  the  coil  distance  will  give  sufficient  data  for 
record.  It  must  not  be  forgotten  that  when  the  primary  current 
is  used  the  least  current  is  obtained  with  the  coils  completely 
covering  each  other,  and  that  the  least  current  of  the  secondary 
coil  is  obtained  when  the  outer  coil  is  drawn  out  to  its  fullest 
extent,  completely  uncovering  the  inner  coil. 

Local  Faradization. — The  faradic  current  is  employed  for 
the  purpose  of  stimulating  the  skin  and  deeper  structures.  For 
cutaneous  stimulation  the  brush-electrode  (Fig.  199,  page  238) 
is  useful.  To  stimulate  muscular  contraction  or  modify  nutrition 
in  visceral  organs,  large  metal  electrodes,  covered  with  absorbent 
cotton  or  sponge,  are  employed.  Muscles  can  be  stimulated 
through  the  nerves  or  directly  through  the  muscular  substance, 
if  this  has  not  undergone  degeneration.  (See  page  203.)  Mus- 
cular contraction  can  also  be  induced  reflexly  by  cutaneous  irri- 
tation of  sensory  nerves.  This  is  also  often  effectual  in  disorders 
of  the  deeper-seated  organs.  In  these  cases  faradism  acts  as  a 
revulsive  agent,  producing  hyperaemia  of  the  skin  and  generally 
increased  force  of  circulation,  and  thus  relieving  congestion  of 
internal  organs.  In  certain  chronic  hypersemic  conditions  of 
the  brain  and  spinal  cord  this  method  of  counter-irritation  with 
the  faradic  brush  has  given  excellent  results.  Some  electro- 
therapeutists  limit  the  area  of  skin  thus  stimulated  to  a  space  of 
a  few  centimetres  square,  while  others  pass  the  brush  over  a 
larger  surface.  As  a  rule,  the  faradic  brush  increases  cuta- 
neous sensibility,  while  the  use  of  large  moist  electrodes 
diminishes  sensibility  and  relieves  pain.     In  the  treatment  of 
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anaesthetic  conditions,  therefore,  the  brush-electrode  should  be 
employed,  and  for  the  relief  of  hyperaesthesia  and  neuralgia  the 
sponge  or  cotton-covered  electrode  should  come  into  play. 

A  method  frequently  giving  good  results  in  painful  affec- 
tions is  that  of  "  swelling  faradic  currents,"  introduced  by  Fromm- 
hold.  The  electrodes,  well  moistened,  are  applied  stabile,  and 
then  the  current  is  gradually  increased,  kept  at  its  maximum  for 
a  few  minutes,  and  then  gradually  decreased  to  zero  again.  This 
may  be  conveniently  indicated  by  the  symbol,  Far.  <C  >• 

Galvano-faradization. — Beard  &  Rockwell,  De  Watteville, 
Stein,  and  others  have  employed  the  two  currents  in  combina- 
tion and  have  claimed  special  success  with  this  method.  The 
observations  on  record  are  not  yet  sufficient  in  number  to  enable 
us  to  draw  definite  conclusions,  but  the  results  obtained  are 
promising.  By  means  of  a  switch  both  currents  are  combined 
in  the  conducting  cords,  or,  in  some  instances,  in  special  elec- 
trodes devised  for  the  purpose. 

The  combined  currents  are  especially  indicated  in  chronic, 
rheumatic  swelling  of  the  joints,  with  pain,  atrophic  paralysis, 
etc. 

Electro-massage,  by  means  of  a  roller-electrode  (Fig.  206, 
page  239),  has  been  used  with  success  where  a  combination 
of  electricity  with  the  mechanical  effects  of  massage  is  desirable. 
Chronic  rheumatic  joint  affections  and  chronic  inflammatory 
infiltrations  would  seem  to  be  the  best  indications  for  this 
method.     Either  or  both  currents  may  be  employed. 

Frequency  of  Sittings. — This  depends  upon  the  individual 
case  and  the  nature  of  the  disease.  In  the  majority  of  cases, 
daily  or  semi-weekly  sittings  are  most  customary.  In  painful 
diseases — neuralgia,  acute  articular  rheumatism,  myalgia,  etc. — 
it  may  be  advisable  to  repeat  the  sittings  several  times  a  day. 
In  cases  of  electrolysis  of  uterine  fibroids  or  urethral  strictures 
sittings  once  a  week  will  usually  give  satisfactory  results. 
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GALVANO-CAUTERY. 

The  galvano-cautery  has  decided  advantages  over  the  knife 
and  cutting  or  crushing  instruments,  as  well  as  over  other  forms 
of  cautery  in  practical  surgical  work.  In  the  first  place,  by  its 
use  hsemorrhage  is  avoided  in  parts  where  vessels  may  not  easily 
be  controlled  by  ligature  or  pressure.  It  has  the  advantage 
over  the  ecraseur  and  snare  in  not  tearing  or  pulling  the  tissues 
separated.  It  leaves  a  clean,  aseptic  surface  which  usually  heals 
readily  under  the  thin,  dry  plate  of  charred  tissue  left  by  the 
hot  wire  or  knife.  Its  action  can  be  limited  as  strictly  as  the 
knife  or  scissors,  and  the  wire  loop  or  burner  can  be  applied 
cold  to  the  part  to  be  operated  upon  and  heated  when  in  situ, 
thus  giving  it  a  great  advantage  over  the  thermo-cautery  in 
operations  about  the  nose,  throat,  vagina,  or  rectum.  It  has 
the  further  advantage  over  the  thermo-cautery  that  it  radiates 
less  heat  (on  account  of  the  thinness  of  the  heated  metal).  In 
operations  about  the  eyes  and  in  the  nasal,  oral,  and  vaginal 
cavities  this  is  a  vei*y  important  point.  It  is  the  only  cautery 
that  can  be  used  in  the  larynx,  naso-pharynx,  and  urethra. 

The  objections  to  the  galvano-cautery  have  been  already 
pointed  out  (pp.  240,  241);  but  recent  improvements  in  storage 
batteries  and  dynamo  machines  have  removed  many  of  the  diffi- 
culties which  surgeons  had  formerly  to  contend  against  when 
using  the  galvano-cautery. 

Galvano-causty  is  applicable  for  the  cauterization  of  the 
surface  and  borders  of  indolent  or  infective  ulcers  (tubercular, 
diphtheritic) ;  the  destruction  of  superficial  new  formations,  as 
epithelioma,  lupus,  syphilis,  nsevi,  etc.;  the  removal  of  small 
growths,  as  fibromata;  the  destruction  ofangiomata;  the  ampu- 
tation of  diseased  or  hypertrophied  organs,  as  the  cervix  uteri, 
clitoris,  labia  (elephantiasis),  penis,  tongue,  etc.;  opening 
abscesses,  boils,  or  carbuncles;  stimulating  healthy  granulations 
in  fistulous  tracts,  or  dividing  the  bridge  of  tissue  between  a 
fistula  and  the  surface;    removing  intra-laryngeal,  intra-pharyn- 
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geal,  intra-nasal,  and  intra-uterine  growths;  cauterizing  exposed 
and  painful  nerves,  as  in  carious  teeth;  in  short,  wherever  the 
hot  iron  can  be  used  to  advantage  over  the  knife,  the  galvano- 
cautery  should  be  employed. 

STATIC    ELECTRICITY. 

The  description  of  the  static  machine  has  been  given  in 
earher  chapters.  The  methods  of  using  this  form  of  electricity 
require,  however,  some  further  amplification. 

Franklinization,  under  which  term  we  understand  the  thera- 
peutic application  of  static  electricity,  is  employed  by  the  follow- 
ing methods: — 

Static  insulation,  or  static  charge;  the  indirect  and  direct 
spark;  static  shock,  static  breeze,  and  static  induced  current. 


Fig.  216.— Static  Insulation. 


Static  Insulation. — The  patient  is  placed  upon  the  insulated 
platform,  and  his  body,  or  the  stool  upon  which  he  sits,  con- 
nected with  the  machine  by  a  chain.  The  chain  must  not  touch 
the  floor.  The  other  pole  of  the  machine  is  then  grounded  by 
attaching  the  chain  to  the  gas  or  water  fixture,  or  simply  allowing 
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the  free  end  to  rest  upon  the  uncarpeted  floor.  The  poles  of 
the  machme  are  now  separated  and  the  machme  put  in  rapid 
motion.  The  patient  becomes  "  charged  "  with  static  electricity, 
which  escapes  as  he  leaves  the  insulated  platform  and  approaches 
his  finger-tips  to  other  persons  or  some  article  of  furniture,  or 
the  door.  Fig.  216  shows  the  method  of  performing  this 
insulation. 

Indirect  and  Direct  Spark — If  the   patient  remains  seated 
upon  the  platform  charged  as  before,  and  a  metal-ball  electrode 


Fig.  217.— The  Dikect  Spark. 


attached  to  a  chain  is  connected  with  the  gas  or  water  fixture, 
sparks  will  be  drawn  from  that  part  of  the  body  to  which  the 
ball  is  approached.  This  is  termed  the  "  indirect  spark."  The 
"direct  spark"  is  produced  by  connecting  the  electrode  directly 
to  the  grounding-chain,  so  as  to  place  the  patient  in  a  short 
circuit,  as  shown  in  Fig.  217. 

Static  Sfiock. — If  two  Leyden  jars,  joined  by  a  brass  rod, 
be  suspended  from  the  conductors  and  connected,  one  with  the 
platform  and  one  with  the  ball-electrode,  shocks  are  given  at  the 
approach  of  the  electrode  to  the  patient's  body  (Fig.  218). 
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Fig.  218.— Shock  with  Leyden-Jar  Discharge. 


Fig.  219.— The  Electrical  "Head  Bath,"  a  Variety  op  Administration  op  the 

Static  Breeze. 
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These  spark  applications  are  more  or  less  painful,  and 
should  be  used  with  great  care.  They  are  a  powerful  means  of 
excitation  of  the  skin  as  well  as  of  the  deeper  organs. 

Static  Breeze. — If,  instead  of  a  ball-electrode,  a  pointed 
electrode  of  metal  or  wood  is  used,  a  sensation  resembling  a  cur- 
rent of  wind  is  caused.  This  is  known  as  the  electrical  wind, 
spray,  or  breeze.  When  it  is  desired  to  apply  this  breeze  to  the 
head,  a  cap-shaped  electrode,  called  an  umbrella-electrode,  is  sus- 
pended at  some  distance  above  the  patient's  head  (Fig.  219). 


Fig.  220.— The  Static  Induced  Cukkent. 


Static  Induced  Current. — To  produce  the  static  induced  cur- 
rent, a  pair  of  sponge  electrodes  are  connected  with  a  couple 
of  Leyden  jars,  suspended  from  the  poles  of  the  machine.  In 
using  this  the  poles  should  be  closely  approximated  before  ap- 
plying the  electrodes  to  the  body.  (See  Fig.  220.)  By  this 
means  a  current  of  electricity  can  be  sent  through  a  nerve  with 
a  static  machine,  the  static  discharge  being  converted  into  a 
dynamic  discharge  or  current  of  high  electro-motive  force. 

An  electrode  suitable  for  the  application  of  this  static  in- 
duced current  is  that  devised  by  Dr.  AV.  J.  Morton,  of  New 
York,  and  termed  the  "  pistol-electrode."  It  is  shown  in  Fig. 
221. 
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A  great  advantage  of  the  static  over  other  forms  of  elec- 
tricity is  that  it  can  be  appHed  through  the  clothing.  As  shown 
in  the  illustrations,  sparks  and  sprays  can  be  drawn  from  the 
patient  through  the  clothing  without  producing  any  mjury  of 
the  latter. 

The  effects  of  franklinization  vary  with  the  method  of  ap- 
plication and  the  portion  of  the  surface  to  which  it  is  applied. 
The  gradation  of  effect  is  somewhat  as  follows:  Static  insula- 
tion is  mildest  in  its  effects,  the  electric  breeze  more  decided, 
and  the  electric  spark  or  static  shock  the  most  severe.  Physi- 
ological effects  of  static  electricity  are,  increase  of  tempera- 
ture, heightened  blood-pressure,  more  rapid  circulation,  increase 
of  perspiratory  and  other  secretions,  restoration  of  depressed  or 


Fig.  221.— Mobton's  Pistol-Electrode. 


suppressed  functions  (appetite,  menstruation).  The  points  of 
discharge  of  sparks  (on  the  skin)  become  pale  and  bloodless, 
soon  followed,  however,  by  hypersemia.  Wheals  are  not  infre- 
quently the  result  of  drawing  sparks  from  the  body.  Certain 
specific  effects  are  produced  upon  the  nerves  of  special  sense; 
flashes  when  sparks  are  drawn  from  the  ophthalmic  region,  and 
a  vibration  or  hammering  in  the  ears  when  applied  near  the 
ear. 

Some  of  the  best  therapeutic  effects  of  franklinization  are 
produced  in  the  general  neuroses — hysteria,  neurasthenia,  in- 
somnia, chorea,  headache,  etc.  In  all  forms  of  neuralgia,  rheu- 
matism, spasmodic  affections,  and  hyperaesthesias  the  electric 
breeze  is  indicated.     In  anaesthesias,  paralyses,  morbid  growths, 
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and  other  conditions  requiring  a  vigorous  agitation,  the  direct  or 
indirect  spark  and  static  induction  are  strongly  indicated. 

Magneto-therapy. — The  medical  world  had  almost  or  quite 
forgotten  the  excitement  caused  by  the  performances  of  Mesmer 
and  his  followers  and  imitators,  when  it  was  somewhat  startled 
ten  or  twelve  years  ago  by  the  rapidly-following  announcements 
in  scientific  medical  journals  of  Burcq,  Charcot,  Westphal,  Oni- 
mus,  Yigouroux,  Rosenthal,  and  others,  that  the  external  appli- 
cation of  various  metals  or  of  permanent  magnets  was  capable 
of  producing  decided  therapeutic  effects.  It  is  true  that  these 
effects  were  produced  principally  in  hysterical  or  otherwise  neu- 
rotic subjects,  but  the  fact  of  their  occurrence  has  an  undoubted 
interest  and  possibly  a  practical  value  to  the  electro-therapeutist. 
It  was  found,  for  example,  that  laying  plates  of  gold  or  other 
metal  (coins,  for  example)  upon  the  insensitive  skin,  in  cases  of 
hysterical  hemianaesthesia,  was  soon  followed  (in  ten  to  twenty 
minutes)  by  a  return  of  sensation  on  the  anaesthetic  side.  The 
first  sensations  were  those  of  formication,  tingling,  and  a  sensa- 
tion of  warmth,  gradually  followed  by  a  return  of  the  normal 
sensibility.  Coincident  with  this  return  of  the  sensibility  on 
the  affected  side  there  was  a  transference  of  the  anaesthesia  to 
the  primarily  healthy  side.  Afler  a  time  the  anaesthesia  returned 
to  the  primarily  affected  side,  but  could  again  be  transferred  on 
re-application  of  the  metal  plates. 

These  phenomena  were  subjected  to  a  searching  investiga- 
tion by  a  commission  of  the  French  Societe  de  Biologic,  consist- 
ing of  Charcot,  Luys,  and  Dumontpallier,  and  confirmed  on 
numerous  individuals.  Various  theories  were  propounded  to 
account  for  the  effects  produced,  but  none  of  them  explain  the 
phenomena  satisfactorily.  It  was  found  that  magnets,  when 
approached  to  the  skin,  produced  similar  effects,  and  that  hy- 
peraesthesia  and  pain  could  likewise  be  transferred  from  one  side 
of  the  body  to  the  other. 

In  pursuing  these  investigations  certain  clinical  results  of 
importance  were  obtained.     Migraine  and  other  forms  of  neu- 


MAGNETO-THERAPY.  273 

ralgia,  hysterical  contractures,  "spinal  irritation,"  insomnia, 
chorea  major,  etc.,  have  been  treated  with  success  by  the  apph- 
cation  of  the  poles  of  a  magnet  wrapped  in  a  cloth  to  the 
affected  side.  AVhen  the  pain  mo^^es  to  the  opposite  side  the 
magnet  is  also  moved  to  that  side,  alternately  following  the  pain 
until  the  latter  gradually  disappears.  The  manner  in  which  the 
magnet  can  produce  these  effects  is  at  present  totally  inexplic- 
able, but,  as  the  clinical  results  are  vouched  for  by  such  excellent 
observers  as  Charcot,  Vigouroux,  Rosenthal,  and  Benedikt,  fur- 
ther experimentation  in  this  line  seems  indicated. 

In  the  following  pages  it  will  frequently  be  noticed  that 
diverse  and  apparently  contradictory  methods  followed  by  differ- 
ent observers  have  yielded  successful  results.  Some  skeptics 
have  cited  this  as  an  evidence  that  electricity  is  of  little  use  in 
medicine  because  an  agent  that  gives  like  results  whether  prop- 
erly or  improperly  used  can  have  little  therapeutic  value.  Such 
a  conclusion  would  be  highly  irrational.  The  fact  is  that  our 
knowledge  of  the  actions  of  most  therapeutic  agents  is  extremely 
deficient,  and  yet  few  would  be  willing  to  practice  medicine 
without  making  use  of  the  remedies  wbose  actions  we  so  little 
understand. 

Every  one  owes  it  to  his  art  to  place  his  honest  observations 
on  record,  and  in  course  of  time  trustworthy  conclusions  may  be 
reached  respecting  the  therapeutic  apphcations  of  electricity  as 
in  other  things. 


IS 


CHAPTER  II. 

Special  Electro-Therapeutics. 

diseases  of  the  nervous  system. 

Diseases  of  the  Brain. — In  the  electrical  treatment  of  dis- 
eases of  the  brain  this  agent  may  be  employed  in  the  various 
forms  of  galvanism,  faradism,  galvano-faradism,  franklinism,  or 
even  magneto-therapy,  which  may  be  looked  upon  as  one 
method  of  employing  electrical  force. 

The  objects  aimed  at  in  brain  electrization  are  modification 
of  the  vascular  supply  in  the  brain,  electrolytic  and  trophic 
effects,  as  well  as  functional  exaltation  or  depression. 

In  using  galvanism  the  various  methods  of  longitudinal, 
transverse,  or  diagonal  brain  galvanization  may  be  employed. 
According  to  Lowenfeld  the  anode  produces  hyperaemia  and  the 
cathode  anaemia  of  the  side  or  section  of  the  brain  to  which  they 
are  respectively  applied.  The  statements  of  Ldwenfeld  are  not 
generally  accepted,  however.  Neftel  has  devised  a  method  of 
labile  brain  galvanization  which  appears  to  have  some  advan- 
tages. The  cathode  is  applied  stabile  to  the  back  of  the  neck, 
and  the  anode  passed  slowly  over  the  forehead,  eyes,  temple, 
auriculo-mastoid  fossa  to  the  mastoid  region,  and  then  back  to 
the  forehead.  If  required  the  same  procedure  may  be  repeated 
on  the  opposite  side  of  the  head.  Galvanization  of  the  medulla — 
one  electrode  to  the  occipito- vertebral  joint  and  the  other  to  the 
sternum  or  throat — and  subaural  galvanization  may  also  be  used. 
Central  and  general  galvanization  are  occasionally  of  value. 
The  rule  should  be  large  electrodes,  weak  currents  (2V  to  y\), 
and  short  sittings  (one  to  two  minutes). 

Faradism  may  be  employed  in  the  form  of  general  faradi- 
zation when  the  current  can  be  well  controlled  by  the  hand  as 
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one  electrode.  Peripheral  faradization  to  produce  reflex  eftects 
upon  the  intra-cranial  circulation  is  effective.  The  method  of 
Rumpf,  where  a  large  surface  of  the  skm  is  stimulated,  or  that 
of  Vulpian,  where  a  very  small  area  is  subjected  to  the  action 
of  the  faradic  brush,  are  both  valuable  for  their  influence  upon 
the  action  and  nutrition  of  the  brain. 

Peripheral  paralyses,  spasms,  contractures,  and  parsesthesias 
dependent  upon  brain-lesions  are  to  be  subjected  to  local 
electro-therapeutical  measures  in  accordance  with  general  prin- 
ciples. The  etiological  factors  of  brain  disease  are  to  be  re- 
moved, if  possible,  and  when  lesions  are  present  that  are  attrib- 
utable to  morbid  processes  accessible  to  medical  and  surgical 
measures  the  latter  are  also  to  be  employed.  Thus,  syphilitic  and 
other  morbid  growths,  toxic  factors,  etc.,  require  the  appropriate 
treatment  for  these  conditions. 

Should  the  case,  instead  of  improving  under  electricity,  get 
w^orse,  it  is  not  to  be  concluded  that  the  remedy  is  necessarily 
contra-indicated.  Its  method  of  application  may  require  modi- 
fication; the  current  may  be  too  strong,  or  the  sittings  too  long 
continued.  If  the  galvanic  cathode  produces  too  much  reaction 
the  anode  may  be  tried,  or  the  faradic  induced  current  may  be 
substituted ;  or  in  place  of  either  of  these  forms  static  electricity 
or  magneto-therapy  may  be  employed. 

The  experience  of  various  observers  in  the  various  diseases 
of  the  brain  is  given  without  comment.  The  writer  does  not 
venture  to  indicate  which  is  the  best  method. 

AncBtnia. — Longitudinal  brain  galvanization,  with  anode 
over  the  medulla  oblongata  (vasomotor  centre).  Eulenburg 
advises  faradization  of  the  phrenic  nerves  and  of  the  soles  of 
the  feet. 

HypercBmia. — Dry  faradic  brush,  according  to  the  method 
of  Vulpian  and  Grasset :  Strong  current  to  a  small  area  of  the 
skin.  The  extensor  surface  of  the  forearm  is  recommended  by 
these  observers.  Pumpf  employs  the  brush  over  a  larger  sur- 
face, stimulating  the  skin  of  the  chest,  the  back,  and  the  upper 
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extremity.  Faradism  to  the  abdomen  causes  rapid  cerebral 
anaemia,  sometimes  so  marked  as  to  produce  fainting. 

Subaural  galvanization,  as  well  as  longitudinal  brain  gal- 
vanization, cathode  to  vasomotor  centre,  may  also  be  tried. 

Cerebral  Hasmorrhage. — In  cases  of  apoplexy  the  electrical 
treatment  has  often  a  good  effect  upon  the  paralyses  of  sensation 
and  motion  and  the  depressed  circulation  and  nutrition  of  the 
paralyzed  muscles.  While  no  one  will  claim  that  brain-tissue 
destroyed  by  an  effusion  of  blood  can  be  restored,  either  by 
electricity  or  any  other  measure  at  our  command,  it  is  probable 
that  the  absorption  of  the  effused  blood  can  be  hastened  by  the 
appropriate  use  of  the  galvanic  current.  There  can  be  no  doubt, 
also,  that  the  reflex  effects  of  peripheral  faradic  stimulation 
tend  to  promote  the  restoration  of  impaired  cerebral  functions. 
Finally,  the  direct  trophic  effects  of  galvanism,  faradism,  and 
static  electricity  upon  the  peripheral  organs  (paralyses,  hyper- 
sesthesias,  ansesthesias)  are  generally  acknowledged. 

The  electrical  treatment  of  cerebral  apoplexy  should  be 
begun  early.  If  possible,  the  application  of  the  galvanic  cur- 
rent, by  longitudinal,  transverse,  or  diagonal  brain  galvanization, 
in  order  to  secure  the  electrolytic  action,  should  be  begun  not 
later  than  the  second  week  after  the  occurrence  of  the  lesion. 
Caution  should,  of  course,  be  observed  that  the  current  used  be 
sufficiently  weak,  and  increased  and  decreased  very  gradually 
so  as  to  avoid  sudden  shock.  The  rule  laid  down  by  Erb,  to 
pass  the  current  in  the  most  direct  line  through  the  seat  of  the 
lesion,  should  be  observed. 

In  addition  to  direct  galvanization,  subaural  and  spinal 
galvanization  should  be  employed  for  their  general  effects. 
Paralyses  of  muscles  are  to  be  treated  in  accordance  with  the 
details  laid  down  in  the  section  on  Paralysis.  The  faradic  brush 
will  often  awaken  dormant  cerebral  faculties,  restore  sensation 
to  anaesthetic  areas,  and,  by  stimulating  the  circulation,  improve 
the  nutrition  of  paralyzed  muscles.  Energetic  neuro-muscular 
faradization  has  similar  effects. 
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Chronic  Meningeal  Inflammations,  Hydrocephalus,  and  Sclerotic 
Plaques  are  treated  by  brain  galvanization  for  the  electrolytic 
effects,  and  subaural  and  spinal  galvanization  for  their  influence 
upon  the  general  nutrition  of  the  patient. 

Cerebral  Syphilis  requires  primarily  antisyphilitic  treat- 
ment, and,  secondarily,  the  effects  of  electricity  in  promoting 
restoration  of  suspended  functions  (aphasia,  paralysis,  anges- 
thesia,  contractures,  etc.),  or  to  remove  troublesome  symptoms 
(headache,  insomnia,  etc.). 

DISEASES   OF   THE   MEDULLA   OBLONGATA. 

Chronic  Bulbar  Paralysis. — Although  this  affection  tends 
uniformly  to  a  fatal  termination,  the  testimony  of  the  most 
experienced  electro-therapeutists — Benedikt,  Erb,  Bernhardt, 
and  Lewandowski  among  others — is  that  persistent  and  rational 
electrical  treatment  may  temporarily  arrest  its  progress,  or,  at 
all  events,  relieve  troublesome  symptoms.  The  methods  are 
transverse  galvanization  of  the  medulla  (one  electrode  over  each 
mastoid  process,  using  two  to  six  milliamperes  of  current 
for  one  to  two  minutes),  subaural  and  spinal  galvanization,  in- 
termittent galvanization  or  faradization  of  the  paralyzed  muscles, 
forced  deglutition  by  applying  one  pole  to  the  nape  of  the  neck 
and  the  other  over  the  larynx  and  reversing  the  current.  Fara- 
dization of  phrenic  nerves  in  cases  of  paralysis  of  the  diaphragm 
may  be  used. 

PSYCHOSES. 

Arndt  has  clearly  indicated  the  details  governing  the  elec- 
trical treatment  of  psychical  disturbances.  Most  of  the  more 
recent  workers  in  this  department  have  followed  on  the  lines 
laid  down  by  this  distinguished  alienist.  The  conclusions  of 
Arndt  may  be  summarized  as  follows : — 

Functional  psychoses  are  curable  by  electricity.  Organic 
brain  diseases  accompanied  by  psychical  disturbances  may  be 
improved  in  certain  symptoms,  but  not  cured. 
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Early  resort  to  this  treatment,  especially  in  mild  cases,  gives 
fair  promise  of  success. 

The  faradic  current  is  useful  in  either  primary  or  secondary 
conditions  of  depression.  Its  action  is  that  of  a  general  stimu- 
lant. The  galvanic  current  is  indicated  in  all  other  psychoses  in 
which  electricity  is  applicable.  Its  electrolytic,  vasomotor,  and 
trophic  effects  are  here  made  available  to  modify  the  circulation 
and  nutrition  in  the  brain,  allay  excitement,  and  improve  the 
general  condition  of  the  patient. 

The  electrical  treatment  of  psychical  disturbances  naturally 
resolves  itself  into  the  treatment  of  special  symptoms.  The 
methods  used  with  success  by  Arndt,  Tigges,  Schiile,  and  others 
are  those  already  indicated  as  useful  in  diseases  of  the  brain. 
They  may  conveniently  be  arranged  in  tabular  form  with  the 
symptoms  for  which  they  are  most  appropriate : — 

Symptoms.  Methods  of  Electinzation. 

{Galvanization  of  the  brain  and  medulla  ; 
general  faradization ;  subaural  and  spinal 
galvanization ;  static  electricity. 

J-      Brain,  subaural,  and  spinal  galvanization; 

Melancholy,    Hypochon-  j  central   galvanization  ;   general  faradization 

DRiA,  Stupor,  .     .     .     .  |  and    localized    applications   of   the   faradic 

I  brush  (metliod  of  Yulpian);  static  electricity. 

Katatonia,     Headache,  |       Brain  and    spinal  galvanization ;    general 
Precordial  Pressure,  .  f  faradization  ;  faradization  of  phrenic  nerve. 

Hysterical  and  Keflex  t       ^  ,       ,      .         „    ,     •,     . 

-r,  -r,  (jralvanization  of  the  bram ;  general  fara- 

Psychosis,     Beginning      ,.      ,  ,         ,        .     •,        -,  ,       , 

c  Ti  r  dization  ;   subaural,  spinal,  and  central  gal- 

Stages  OP  Progressive  ,      .  '  .     ,       .  . 

T,  vanization  ;  static  electricity. 

Paralysis,      ....  J  '  -^ 

Hallucinations  op  Sight  \       Localized    galvanization,  with    anode  to 
AND  Hearing,    .    .     . )  affected  organ. 

GENERAL   NEUROSES. 

Neurasthenia. — Static  electricity,  especially  the  static  charge, 
is  indicated  in  this  condition.     General  faradization,  especially 
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the  faradic  brush  in  cases  with  much  depression,  and  central, 
subaural,  spinal,  and  brain  galvanization,  and  electric  baths  in 
conditions  of  excitement  or  irritability.  In  spinal  neurasthenia 
or  "  spinal  irritation  "  galvanization  with  the  anode  to  the  pain- 
ful points,  local  franklinization  (static  breeze),  and  the  faradic 
brush  have  been  successful.  Sexual  neurasthenia  requires,  in 
addition  to  appropriate  moral  treatment,  faradic  baths ;  spinal, 
subaural,  and  vagus  galvanization,  galvano-faradization,  and 
electro-massage. 

Hypochondria. — General  faradization  and  faradic  baths,  static 
insulation,  and  faradic  brush  over  the  chest  and  the  upper 
extremities  are  the  indicated  measures.  Special  symptoms,  as 
constipation,  insomnia,  and  sexual  disturbances,  should  receive 
appropriate  attention. 

Hysteria. — General  faradization,  general  and  central  gal- 
vanization, faradic  baths,  and  brain,  subaural,  and  spinal  galva- 
nization are  indicated.  The  static  breeze  is  also  employed  with 
success.  Anode  application  to  painful  points  along  the  spine 
has  a  favorable  influence  upon  the  general  condition. 

It  is  important,  as  pointed  out  by  Erb,  to  gain  the  confi- 
dence of  the  patient,  otherwise  the  treatment  is  likely  to  fail. 
Weak  currents  and  short  sittings  should  be  the  rule. 

The  psychical  element  in  all  cases  of  hysteria  renders  it  ex- 
tremely difficult  to  determine  how  much  of  the  effect  of  treat- 
ment, if  any,  is  to, be  attributed  to  the  electricity  and  how  much 
to  the  influence  exerted  upon  the  imagination.  Ultimately  this 
makes  really  very  little  difference,  as  most  other  remedies  used 
against  this  disease  are  open  to  the  same  criticism. 

The  special  or  local  manifestations  of  hysteria  usually  yield 
more  easily  to  electricity  than  does  the  general  hysterical  condi- 
tion. In  ovaralgia.  Hoist  has  recently  indicated  a  method  which 
has  been  successful.  The  anode  is  placed  over  the  spine  and 
the  cathode  over  the  painful  ovary.  The  faradic  current  may 
be  used  in  like  manner. 

Other  painful  points  occurring  in  hysteria  (hysterogenic 
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points  of  Richter)  may  be  treated  with  either  current.  These 
points  are  found  most  frequently  along  the  dorsal  spine,  in  the 
left  hypochondriac  and  infra-mammary  regions,  and  at  spots  on 
the  front  of  the  abdomen. 

Hysterical  paralyses  must  he  treated  in  accordance  with 
the  usual  methods  in  these  affections.  (See  page  293  et  seq.) 
Hysterical  aphonia  often  yields  with  the  greatest  promptness  to 
transverse  faradization  of  the  lar}Tix  (percutaneous),  or  by  one 
electrode  being  introduced  into  the  pharynx  and  the  other  applied 
over  the  thyroid  cartilage.  Transverse  brain  galvanization  has 
been  found  effectual  in  hysterical  aphonia  by  Emminghaus. 

Anaesthesia  and  hemiansesthesia  yield  to  the  faradic  brush 
(by  Vulpian's  method),  static  breeze,  and  occasionally  to  magneto- 
therapy. 

Hysterical  vomiting  may  be  treated  by  applying  the  faradic 
brush  to  the  pit  of  the  stomach.  Constipation  and  tympanites 
(phantom  tumor)  are  sometimes  relieved  by  energetic  faradization 
of  the  abdomen  as  well  as  by  static  electricity. 

Spasms  and  contractures  may  be  treated  with  either  current, 
or  with  static  electricity,  but  the  successes  are  not  very  numerous. 
Hystero-epileptic  attacks  can  sometimes  be  broken  up  by  a  strong 
galvanic  or  faradic  cuiTent. 

Epilepsy. — Erb,  in  whose  opinion  the  changes  upon  which 
epilepsy  depends  are  located  in  the  cortical  area  of  the  brain, 
advocates  diagonal,  followed  by  longitudinal,  brain  galvanization 
to  affect  the  supposed  lesion  directly;  then  subaural  and  spinal 
galvanization  limited  to  the  cervical  region,  and  general  faradi- 
zation for  their  reflex  and  generally  stimulant  effects.  He 
claims  to  have  had  favorable  results  with  this  course  continued 
for  a  long  time  between  the  attacks,  and  in  combination  with 
the  usual  medicinal  and  hygienic  remedies. 

Exophthalmic  Goitre. — This  curious  disease  is  now  generally 
considered  as  a  neurosis.  Of  the  characteristic  symptoms,  exces- 
sive frequency  of  the  pulse,  enlargement  of  the  thyroid  gland, 
and  prominence  of  the  eyeballs,  the  two  former  are  distinctly 
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influenced  by  electrical  treatment.  Clivostek,  Eulenburg,  and 
others  have  reported  cases  in  which  very  favorable  results  were 
obtained.  The  pulse  is  often  greatly  lessened  in  frequency, 
being  reduced  ten  to  twenty  beats  per  minute.  This  effect  is 
not  permanent,  but  on  frequent  repetition  of  the  sittings  some 
durable  effects  are  often  obtained.  Erb  recommends  spinal 
galvanization,  transverse  and  diagonal  brain  galvanization  to 
affect  the  medulla  oblongata,  subaural  and  vagus  galvanization. 
To  modify  the  exophthalmos,  one  pole  is  placed  over  the  closed 
eye  and  the  other  in  the  auriculo-maxillary  fossa,  or  the  current 
is  passed  transversely  through  the  orbits.  General  faradization 
and  electric  baths  have  also  been  used. 

Rockwell,  in  addition  to  methods  above  mentioned,  advises 
the  application  of  the  cathode  to  the  sternum,  and  anode  over 
the  solar  plexus.  Faradization  of  the  sympathetic  has  been 
successfully  employed  by  Katyschew.  The  enlarged  thyroid  is 
treated  by  transverse  galvanization,  or  by  applying  one  electrode, 
preferably  the  cathode,  over  the  gland,  and  the  other  in  the 
auriculo-maxillary  angle.  Transverse  galvanization  or  faradiza- 
tion of  the  heart  (from  sternum  to  spine)  is  also  used  to  reduce 
the  rapidity  of  the  pulse.  The  faradic  brush  over  the  cardiac 
region  is  also  recommended.  Weak  currents  (4V-2V)  ^^^^ 
short  sittings  should  be  the  rule.  Many  sittings — Erb  says 
thirty  to  one  hundred — are  required  to  produce  good  effects. 

Chorea, — Brain,  subaural,  spinal,  and  central  galvanization, 
general  faradization,  and  local  static  applications  have  been  used 
with  success.  Most  authorities  recommend  weak  currents,  but 
M.  Meyer  and  Leube  use  strong  interrupted  currents. 

Athetosis. — ^When  idiopathic,  brain,  subaural,  and  central 
galvanization,  and  currents  from  spinal  cord  to  peripheral 
muscles  are  indicated. 

Vertigo. — Galvanization  and  faradization  of  the  brain,  and 
faradic  brush  to  trunk  and  upper  extremities  may  be  tried.  If 
there  is  a  tendency  to  one-sided  vertigo  the  cathode  should  be 
applied  to  that  side  of  the  head  toward  which  the  patient  falls. 
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Tremor. — General  faradization  and  electric  baths;  central 
galvanization;  local  faradization  of  the  trembling  limbs.  The 
results  are  very  uncertain.  In  paralysis  agitans  no  permanent 
good  results  have  been  obtained.  Electric  baths  have  been 
found  useful  by  Eulenburg.  Static  charge  and  sparks  have 
been  used  by  Charcot.  Transverse  brain  galvanization  has  also 
been  recommended. 

Tetanus. — The  at  present  accepted  pathology  of  tetanus 
as  an  infectious  disease  would  seem  to  preclude  the  hope  of 
obtaining  any  good  results  from  the  electric  current,  but  some 
observations  on  record  indicate  that  spinal  galvanization  with 
galvanization  of  the  peripheral  muscles  has  a  quieting  effect 
upon  the  spasms.     Mendel  has  reported  success  in  two  cases. 

Tetany. — In  this  disease  there  is  increase  of  electrical 
irritability.  The  treatment  indicated  is  galvanization  of  the 
spine  and  peripheral  nerve-trunks.  The  anode  to  the  spine  has 
given  good  results  during  the  attacks  (Erb,  Eisenlohr).  Careful 
faradization  of  the  spine  with  large,  moist  electrodes  may  also 
be  useful. 

Writers',  Telegraphers' ,  and  Piano-players'  Cramp,  and  Other 
Forms  of  Co-ordination  Neuroses. — Erb  has  laid  down  the  rule 
that  in  these  cases  the  entire  cerebro-spinal  nervous  system 
from  centre  to  periphery  should  be  subjected  to  systematic 
electrization.  First,  there  should  be  brain,  subaural,  and  spinal 
galvanization ;  then  galvanization  of  the  peripheral  nerves  and 
muscles.  Faradization  of  the  affected  muscles  should  also 
be  resorted  to.  All  electrical  treatment  should  be  combined 
with  massage  and  rest  of  the  overtaxed  muscles. 

DISEASES   OF   THE    SPINAL    CORD    AND   ITS   MEMBRANES. 

The  agreement  is  general  among  neurologists  that  the 
electrical  treatment  of  diseases  of  the  spinal  cord  offers  more 
prospect  of  cure,  or  at  least  of  relief  of  symptoms,  than  any 
other  method  of  treatment  at  our  command.  It  must  be 
admitted  that  success  with  this  therapeutic  measure  is  far  from 
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constant,  but  without  it  we  are  nearly  powerless  against  most 
of  the  grave  affections  that  attack  this  important  organ. 

The  methods  in  most  general  use  are  longitudinal  and 
transverse  galvanization  of  the  spine,  subaural  galvanization, 
the  faradic  brush,  and  static  electricity  in  its  various  methods  of 
application.  Sittings  should  not  last  over  three  minutes,  and 
in  direct  galvanization  of  the  cord  currents  of  j\  to  -^-^  should 
not  be  used  unless  in  exceptional  cases,  when  voltaic  alternatives 
may  also  be  employed.  In  the  "  system  diseases  "  of  the  cord, 
posterior  and  lateral  scleroses,  and  in  multiple  sclerosis,  in  which 
the  cord  is  diseased  for  a  considerable  portion  of  its  length, 
longitudinal  galvanization  (one  electrode  in  the  cervical  region, 
the  other  over  the  sacrum)  is  rationally  indicated  in  order  that 
the  current  may  traverse  the  entire  extent  of  the  organ  affected. 
The  two  electrodes  may  be  moved  up  and  down  alternately  in 
order  to  get  the  benefit  of  the  polar  effects  of  the  current. 

When  but  a  short  segment  of  the  spinal  cord  is  involved 
in  the  disease,  as  in  transverse  myelitis,  transverse  galvanization 
would  seem  to  be  the  better  method.  One  electrode  is  applied 
over  the  spine  and  the  other  on  the  median  line  of  the  trunk 
in  front.  Here  the  poles  may  also  be  reversed  with  good 
effect. 

In  certain  cases  of  spinal  disease  there  are  painful  pressure 
points  over  the  spinous  processes.  These  are  treated  by  apply- 
ing the  anode  stabile  over  the  spot,  the  cathode  being  placed  at 
an  indifferent  point. 

Chronic  Spina/  Meningitis  and  Pacliymeningitis. — After  the 
irritative  symptoms  have  subsided,  spinal  gah^anization  for  its 
vasomotor  and  electrolytic  effects  is  indicated.  Atrophies  and 
paralyses  of  muscles  demand  localized  electrization. 

Meningeal  Hcemorrhage. — Spinal  galvanization,  either  longi- 
tudinal or  transverse,  to  promote  electrolysis  and  absorption  of 
the  effused  blood. 

Spinal  Congestion  and  Spinal  Irritation. — These  conditions 
must  be  treated  cautiously  with  weak  galvanic  currents.     The 
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faradic  brush  (Viil plan's  method,  i.e..  stimulation  of  hmited 
areas)  and  faradic  baths  are  often  followed  by  very  excellent 
results. 

Spina/  Apoplexies  and  Injuries  of  the  Cord. — Localized  spinal 
galvanization,  longitudinal  and  transverse. 

Chronic  Myelitis. — Chronic  inflammation  of  the  spinal  cord 
presents  itself  in  several  forms,  but  the  transverse  and  compres- 
sion myelitis,  in  consequence  of  vertebral  caries,  most  frequently 
comes  under  the  care  of  the  practitioner.  In  these  cases,  direct 
galvanization,  longitudinal  and  transverse,  of  the  afiected  por- 
tion of  the  cord,  is  the  rationally  indicated  procedure.  While 
the  results  are  somewhat  uncertain,  many  cases  are  decidedly 
improved,  and  some  permanently  cured.  It  is  evident  that  the 
only  effect  of  the  current  to  be  striven  after  in  these  cases  is  the 
electrolytic  or  absorptive,  and  hence  the  application  of  faradism 
ox  static  electricity  cannot  be  expected  to  be  of  much  benefit. 

Multiple  and  Lateral  Scleroses. — In  these,  still  rather  obscure 
affections  of  the  spinal  cord,  little  permanent  effect  can  be 
expected  from  electrical  treatment,  but  Erb,  E.  E,emak,  Miiller, 
and  others  have  reported  successes  which  should  stimulate  others 
to  greater  exertions.  Spinal  and  subaural  galvanization  are 
indicated,  and  in  multiple  sclerosis  peripheral  farado-cutaneous 
stimulation  with  the  faradic  brush  are  suggested  by  E.  Remak 
and  Rumpf  In  lateral  sclerosis  (spastic  spinal  paralysis),  fara- 
dism should  be  avoided. 

Locomotor  Ataxia  (Tabes  Dorsalis,  Posterior  Sclerosis).— -The 
electrical  treatment  of  this  prevalent  and  grave  disease  of  the 
spinal  cord  gives  excellent  results  when  carefully  and  properly 
carried  out.  Benedikt,  von  Krafft-Ebing,  E,.  and  E.  Remak, 
Erb,  M.  Meyer,  Rosenthal,  Rumpf,  Seeligmiiller,  Lewandowski, 
and  numerous  others  report,  not  only  relief  from  troublesome 
symptoms,  but  positive  and  complete  cures.  Rumpf  reports, 
among  twenty-four  cases,  four  completely  cured,  ten  greatly 
improved,  and  only  one  unimproved.  Lewandowski,  one  hun- 
dred and  twenty  cases,  twelve  (10  per  cent.)  cured,  80  per  cent. 
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improved  in  one  or  more  of  the  impaired  functions.  The 
improvement  continued  for  several  months  or  years. 

The  methods  used  are:  Spinal  galvanization,  with  galva- 
nization or  faradization  of  the  peripheral  nerves.  Subaural 
galvanization,  and  static  electricity  to  the  spine.  Painful  points 
are  treated  by  placing  the  cathode  over  the  painful  area,  and  the 
anode  over  the  corresponding  nerve-root.  Lancinating  pains 
and  the  girdle  symptom  are  treated  in  the  same  manner.  Rumpf 
lauds  highly  the  application  of  the  dry  faradic  brush  to  the 
trunk  and  extremities  for  ten-minute  sittings  daily,  or  every  other 
day.  The  static  spark  is  highly  recommended  in  the  lightning- 
pains  by  Ranney.  Swelling  faradic  currents  (Far.  <0)  are  also 
useful  in  the  same  symptoms.  Symptoms  referable  to  the  eyes, 
ears,  extremities,  bladder,  etc.,  are  to  be  treated  by  localized 
electrization  according  to  the  methods  described  in  their  appro- 
priate places  in  this  work. 

Poliomyelitis. — The  sufferers  from  the  various  diseases  due 
to  lesions  of  the  anterior  columns  of  the  spinal  cord,  such  as 
acute  infantile  paralysis,  atrophic  spinal  paralysis,  and  progressive 
muscular  atrophy,  are  not  particularly  favorable  subjects  for 
electrical  treatment,  but  cases  of  improvement,  and  even  of  cure, 
have  been  reported.  It  is  desirable  to  continue  studying  the 
effects  of  this  agent  upon  this  very  grave  class  of  cases.  Electro- 
massage  and  galvano-faradization  are  to  be  added  to  the  methods 
above  recommended  for  other  diseases  of  the  cord. 

DISTURBANCES   OF   SENSATION. 

Neuralgia. — Erb  defines  neuralgia  as  consisting  of  "  pains 
of  great  intensity  and  peculiar  quality,  which  arise  spontane- 
ously, are  restricted  to  one  or  more  areas  of  nerve-distribution, 
are  felt  over  the  entire  area  of  distribution  of  the  affected  nerve, 
and  manifest  distinct  exacerbations,  remissions,  or  even  inter- 
missions." 

The  causes  of  neuralgia  should  always  be  sought  after 
before  beginning  treatment.     Traumatic,  neurotic,  rheumatic, 
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reflex,  and  toxic  causes  can  generally  be  made  out.  Treatment 
is  usually  more  effective  if  the  etiology  of  the  affection  is  clear. 

The  indications  for  the  electrical  treatment  of  neuralgia  are : 
1.  To  bring  into  action  the  electrolytic,  vasomotor,  and  trophic 
effects  of  the  current  by  the  application  of  both  poles  over  the 
seat  of  the  lesion  (if  this  is  known).  2.  The  calmative  effect: 
anode  over  painful  spots,  and  cathode  over  the  point  of  origin 
of  the  nerve  or  the  plexus.  The  reverse  position  of  the  poles  is 
probably  equally  or  more  successful.  3.  To  obliterate  the  painful 
sensation  by  a  momentary  greater  impression  (reflex  action). 

The  anode  treatment  of  painful  spots  (Valleix's  points)  is 
often  followed  by  complete  cessation  of  the  neuralgia.  Sittings 
may  require  to  be  prolonged  for  ten  minutes,  although  three  to 
five  minutes  are  usually  sufficient.  The  electrodes  should  be 
large,  well-moistened,  and  firmly  fixed  to  the  part  in  order  not 
to  vary  the  resistance  until  cessation  of  the  pain.  The  current 
should  then  be  gradually  diminished  to  zero,  in  order  to  avoid 
the  shock  of  a  closing  contraction  when  the  electrodes  are 
removed. 

At  times  the  reverse  method  must  be  adopted,  and  the 
cathode  applied  to  the  painful  points,  or  directly  to  the  painful 
area.  V.  A.  may  be  used.  Faradization  of  the  nerve  with  a 
large,  moist  electrode,  or  the  faradic  brush  according  to  Rumpf 's 
method  are  useful.  Local  static  electricity  has  favorable  results 
to  its  credit,  while  constant  weak  currents,  galvano-puncture 
with  the  cathode,  and  the  cathodic  application  to  the  skin  with 
a  metallic  plate  may  occasionally  lead  to  success. 

In  general  neuroses  accompanied  by  neuralgia,  general  and 
central  galvanization  and  faradization,  electrical  baths,  brain  and 
subaural  galvanization  are  all  useful. 

The  cataphoric  employment  of  the  current  with  cocaine, 
aconite,  and  chloroform  has  been  used  to  relieve  pain  in  neuralgia. 

Special  neuralgias  require  more  specific  directions  for 
treatment. 

Trifacial  Neuralgia  (Tic  Douloureux). — ^The  anode  application 
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to  the  painful  points  should  be  first  tried.  If  this  fails,  the 
anode  may  be  applied  to  the  back  of  the  neck,  and  the  cathode 
over  the  painful  area,  or  the  point  of  emergence  of  the  nerve  or 
branch  from  the  bony  canals.  Swelling  faradic  currents  may  be 
tried,  or  the  faradic  pencil  to  the  neck.  The  static  breeze  has 
been  found  effectual  in  cases  where  other  forms  of  electrical 
application  had  failed.  Severe  cases  of  tic  may  be  temporarily 
improved  by  the  electrical  treatment,  but  permanent  cures  are 
rarely  obtained.  The  reasons  for  this  lack  of  success  is  that  the 
lesion  of  the  nerve  is  often  located  deeply  in  the  bony  canals, 
where  it  is  inaccessible  to  the  electric  current.  In  some  obsti- 
nate cases,  where  temporary  relief  follows  the  apphcation,  several 
sittings  a  day  may  prove  beneficiaL 

Cervico-occipital  Neuralgia. — The  painftil  spots  in  this  form 
of  neuralgia  are  found  "  (1)  midway  between  the  mastoid  process 
and  the  spine,  at  the  point  at  which  the  great  occipital  nerve 
becomes  superficial;  (2)  over  the  branches  of  the  cervical 
plexus  between  the  sterno-mastoid  and  trapezius;  and  (3)  just 
above  the  parietal  eminence,  the  focus  common  to  occipital  and 
trigeminal  neuralgia."* 

The  nerve  is  accessible  throughout  nearly  its  entire  extent. 
Anode  treatment  of  painful  points  may,  if  unsuccessful,  be 
varied  with  galvanization  of  the  nerve,  or  faradization,  either 
with  moist  electrodes  or  the  faradic  moxa.  Static  breeze  directed 
to  the  neck  for  five  minutes  daily  may  also  be  tried. 

Migraine. — True  hemicrania  is  not  a  favorable  condition 
for  electrical  treatment.  Few  successes  are  obtained  either  with 
the  galvanic  or  faradic  current. 

Cervico-bracliiai  Neuralgia. — Painful  spots  are  found  in 
the  following  localities:  in  the  axilla  (axillary),  at  the  posterior 
border  of  the  deltoid  (circumflex),  behind  the  elbow  (superior 
ulnar),  in  front  of  the  wrist  (inferior  ulnar),  by  the  side  of  the 
inferior  cervical  spines  (vertebral),  at  the  inferior  angle  of  the 
shoulder-blade  (scapular),  on  the  outer  side  of  the  arm,  three 

*  Gowers,  Dis.  of  tlie  Nervous  System,    Phila.,  1888. 
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inclies  above  the  condyle  (external  humeral),  and  in  the  lower 
and  outer  part  of  the  forearm  (radial).* 

The  galvanic  current  (anode  to  painful  points),  including 
galvanization  of  the  cervical  spine,  the  brachial  plexus,  and  the 
nerve-trunks.  Faradization  with  moist  electrodes,  or  the  faradic 
brush.     Very  favorable  results  are  often  obtained. 

Dorso-intercostal  Neuralgia. — The  etiology  of  dorso-inter- 
costal  neuralgias  is  of  considerable  prognostic  importance.  In 
the  rheumatic,  neurotic  or  traumatic  forms,  success  is  frequently 
and  promptly  obtained;  but  when  the  pain  is  due  to  vertebral 
caries,  tumors,  phthisis,  or  locomotor  ataxia,  little  benefit  can  be 
hoped  for  from  electrical  treatment.  The  locations  of  the 
points  douloureux  are  well  known — by  the  sides  of  the  verte- 
brae, in  the  mid-axillary  line,  and  near  the  middle  line  in  front. 

The  same  methods  of  treatment  as  are  appropriate  for 
other  forms  of  neuralgia  may  be  adopted :  anode  applications  to 
painful  points;  faradization  and  galvano-faradization ;  static 
breeze.     The  prognosis  is  most  favorable  in  rheumatic  cases. 

Lumbo  -  abdominal  and  Genito  -  crural  Neuralgia.  —  "  Foci 
of  pain  and  tender  points  are  found  at  the  back  beside  the 
vertebrae,  over  the  posterior  branches;  at  the  middle  of  the 
iliac  crest  (iliac  point);  at  the  lower  part  of  the  rectus  (hypo- 
gastric point) ;  while  sometimes  there  is  in  the  male  a  scrotal  and 
in  the  female  a  labial  points  '\ 

The  treatment  must  be  conducted  on  the  same  principles: 
spinal  galvanization;  anode  treatment  of  painful  points  with 
the  cathode  over  the  nerve-roots ;  or  reversal  of  the  poles.  The 
static  breeze  has  also  been  used  with  success,  as  has  the  faradic 
brush. 

Sciatica. — True  neuralgia  of  the  sciatic  nerve  is  rare,  the 
frequent  pain  along  the  course  of  this  nerve  being  in  nearly  all 
cases  neurotic.  There  is  generally  pain  throughout  the  entire 
course  of  the  nerve. 

The  following  painful  spots  are  enumerated  by  Gowers : 

*  Gowers,  loc.  cit.  t  Gowers,  loc.  cit. 
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^'' lumbar,  near  the  spine,  just  above  the  sacrum;  sacro-illac,  at 
the  articulation  of  the  same  name;  a  gluteal,  opposite  the  mid- 
dle of  the  lower  border  of  the  gluteus;  a  series  of  spots,  varying 
in  exact  position  along  the  course  of  the  nerve  in  the  posterior 
aspect  of  the  thigh;  2i  jperoneal,  behind  the  head  of  the  fibula; 
a  maUeolar,  behind  the  lower  extremity  of  the  fibula,  and  an 
external  "plantar,  at  the  outer  border  of  the  foot." 

In  recent  cases,  especially  of  the  neurotic  and  rheumatic 
forms,  electrical  treatment  is  nearly  always  followed  by  success. 
The  methods  are :  Stabile  galvanization  of  the  nerve  by  sections ; 
anode  application  to  painful  points;  faradization  with  wet  elec- 
trodes and  with  the  dry  brush;  faradic  moxa  over  the  point  of 
exit  of  the  nerve;  electro-puncture;  static  breeze  and  sparks, 
and  strong  labile  galvanic  currents. 

Articular  Neuroses. — (See  Diseases  of  Muscles  and  Joints.) 

ANESTHESIA. 

The  loss  of  function  of  the  sensory  nerves  may  be  due  to 
inflammation,  compression,  traumatism,  or  other  interruption  in 
the  transmissibility  of  sensory  impressions.  In  the  majority  of 
cases  it  yields  very  promptly  to  the  influence  of  the  electric 
current.  The  methods  of  applying  electricity  in  anaesthesia  are  : 
Galvanism  of  the  brain  and  spinal  cord,  localized  galvanization 
and  faradization, — the  latter,  especially,  by  means  of  the  faradic 
brush,  according  to  the  methods  of  Vulpian  and  of  Rumpf 
The  galvanic  brush,  faradic  moxa,  static  insulation,  breeze,  and 
sparks,  and  magneto-therapy,  as  well  as  in  some  cases  galvano- 
faradization,  are  indicated.  When  the  galvanic  current  is  em- 
ployed the  anode  should  be  placed  over  the  nerve-root,  and  the 
cathode  to  the  ansesthetic  area,  for  the  indication  is  to  produce 
excitation  of  the  skin. 

Trigeminal  Anaesthesia. — Transverse  brain  galvanization; 
galvanization  of  the  trunk  and  branches  of  the  fifth  nerve;  the 
faradic  brush  to  the  anaesthetic  surface,  or  to  a  small  area  of  the 
forearm,  as  indicated  by  Vulpian. 


ANESTHESIAS;    SPASMS   AND    CONTRACTURES.  291 

AncBsthesia  of  the  Larynx  and  Pharynx. — The  application 
of  the  faradic  current  by  means  of  an  intra-pharyngeal  insulated 
electrode  is  sometimes  practiced,  but  percutaneous  application 
seems  to  be  equally  effective.  Intermittent  galvanization  may 
also  be  employed. 

Hysterica/  Anaesthesia  and  Hemianaesthesia. — The  method 
of  Vulpian  (dry  faradic  brush  to  a  small  area  on  the  extensor 
surface  of  the  forearm)  gives  good  results.  Central  galvaniza- 
tion, and  brain  and  spinal  galvanization,  should  also  be  prac- 
ticed. If  painful  spots  are  found  along  the  spine,  or  the  ovaries 
are  tender  upon  pressure,  the  anode  application  of  the  galvanic 
current  should  be  employed.  Where  other  means  fail,  the  static 
breeze  or  sparks  may  be  tried. 

Hemianaesthesia,  due  to  central  or  toxic  causes,  very  fre- 
quently yields  promptly  to  the  application  of  the  faradic  brush 
according  to  Vulpian 's  method. 

Tabetic  Anaesthesia. — This  is  rarely  permanently  relieved. 
In  addition  to  the  farado-cutaneous  brush  (according  to  the 
methods  of  either  Vulpian  or  Rumpf )  spinal  galvanization  should 
be  employed. 

Traumatic  Ancesthesia  of  the  Extremities. — Galvanization, 
interrupted  and  stabile,  of  the  nerve-trunks  and  branches  in- 
volved.    Faradization  v^^ith  moist  electrodes  or  the  dry  brush. 

SPASMS   AND   CONTRACTURES. 

Hyperkinetic  conditions  of  nerves  and  muscles  do  not  yield 
to  electricity  as  do  the  analogous  neuralgias.  In  some  cases, 
however,  the  results  of  persistent  electrical  treatment  are  bril- 
hant.  In  rheumatic  contractures  the  electrolytic  and  trophic 
effects  of  the  galvanic  current  should  be  sought.  In  spasms 
such  as  tic  convulsif,  blepharospasm,  nictitation,  etc.,  when  not 
symptomatic  of  local  inflammatory  trouble,  painful  points  along 
the  course  of  the  affected  nerves  should  be  subjected  to  the 
anode  application.  The  current  should  be  mild  (y\)  and  con- 
tinued for  from  three  to  five  minutes  daily.     When  the  cause 
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of  the  spasms  is  centric,  brain  and  subaural  galvanization  are 
indicated. 

In  reflex  spasms,  the  anode  treatment  of  the  reflex  centre 
(medulla  oblongata)  may  be  successful.  Swelling  faradic  cur- 
rents, and  in  some  cases  the  faradic  brush  to  the  nape  of  the 
neck  as  a  counter-irritant,  are  sometimes  employed. 

Spasms  of  the  Face. — The  muscles  supplied  by  the  motor 
nerves  of  the  face  are  subject  to  spasmodic  contractions,  varying 
in  extent  and  due  to  a  variety  of  causes.  In  masticatory  or 
vocal  spasm,  tic  convulsif,  blepharospasm,  spasms  of  the  eye- 
muscles,  etc.,  when  the  cause  is  centric,  brain,  subaural,  and 
spinal  galvanization,  followed  by  galvanization  of  the  affected 
nerve-trunk,  are  indicated. 

Spasms  of  the  Muscles  Supplied  by  the  Spinal  Accessory 
Nerve. — Painful  points  when  present  should  be  treated  by  the 
stabile  anode  application  of  the  galvanic  current.  Galvaniza- 
tion of  the  brain,  medulla  oblongata,  and  cervical  spine  may  also 
be  employed.  Galvanization  and  faradization  of  the  afiected 
muscles  give  excellent  results  in  rheumatic  torticollis.  Swell- 
ing faradic  applications  repeated  several  times  a  day  are  particu- 
larly successful  in  this  common  affection.  The  static  breeze  or 
spark  (locally)  is  also  a  favorite  method  with  some  electro- 
therapeutists. 

Spasms  of  the  Respiratory  Muscles  (Singultus,  Sneezing, 
Coughing,  Nervous  Cough,  etc.). — According  to  Erb,  energetic 
faradization  (dry  brush)  of  the  epigastrium  is  the  best  treat- 
ment. Galvanization  of  the  phrenic  nerves  may  also  be  used. 
In  sneezing,  galvanization  of  the  nasal  mucous  membrane, — 
by  filling  the  nostrils  with  water  and  introducing  one  electrode, 
the  other  being  placed  over  the  back  of  the  neck  or  applied  to 
the  sternum.  In  spasms  of  the  laryngeal  muscles,  transverse 
faradization  and  galvanization  of  the  larynx  are  frequently 
beneficial. 

Spasms  of  the  Upper  and  Lower  Extremities. — These  are 
often  due  to  morbid  conditions  of  the  motor  area  of  the  brain. 
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and  may  be  relieved  by  appropriate  methods  of  brain  galvaniza- 
tion. When  due  to  peripheral  nerve-lesions  (inflammation, 
scars,  etc.),  the  electrolytic  effects  of  the  galvanic  current  should 
be  brought  into  requisition.  Joint  troubles,  causing  spasms  or 
contractures,  require  the  methods  of  treatment  appropriate  in  the 
case.  Painful  spots  over  the  course  of  the  nerves  may  often  be 
relieved  by  stabile  anode  applications,  or  galvanization  of  the 
spine.  Some  electro-therapeutists  claim  good  results  from  faradi- 
zation of  the  antagonists  of  the  contractured  muscles.  This 
method  may  be  adopted  in  cases  where  the  procedures  above 
mdicated  have  failed. 

PARALYSIS. 

Erb  states  the  object  of  electrical  treatment  of  paralysis  to 
be  "  the  restoration  of  the  normal  power  of  the  will  over  the 
muscles,  which  means,  in  the  majority  of  cases,  the  restoration 
of  conduction  in  the  motor-nerve  tracts;  and  in  a  smaller  pro- 
portion of  cases  the  restoration  of  the  irritability,  contractility, 
and  nutrition  of  the  muscles.  In  all  cases,  the  alterations  in 
the  nerves  and  muscles  consequent  upon  the  paralysis  are  also 
to  be  removed."* 

Paralysis  may  be  divided  into  two  general  classes :  neuro- 
patliic^  in  which  the  lesion  is  situated  in  the  brain,  spinal  cord, 
or  peripheral  nerves ;  and,  myopathic,  when  the  lesion  is  in  the 
muscle-substance  itself. 

Referring  the  reader  to  the  text-books  on  diseases  of  the 
nervous  system  for  a  full  exposition  of  the  pathology,  symptoms, 
and  causation  of  the  various  palsies,  the  discussion  in  this  place 
will  be  restricted  to  the  electrical  treatment  of  these  affections. 

The  methods  naturally  vary  somewhat  with  the  seat  and 
character  of  the  lesion.  In  cases  depending  upon  cerebral 
lesions,  longitudinal,  transverse,  and  diagonal  brain  galvan- 
ization, already  described,  will  be  brought  into  requisition. 
When  the  lesion  is  in  the  spinal  cord,  spinal  galvanization  in  its 

*  Electrotlierapie,  2te  aufl.,  p.  333.    Leipzig,  1886. 
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various  forms  will  be  employed,  and  where  the  cause  of  the 
palsy  is  in  the  peripheral  nerves  these  will  be  subjected  to  the 
influence  of  the  galvanic  current.  In  myopathic  palsies,  like- 
wise, the  stimulating  influence  of  galvanism  will  be  made  use 
of.  In  addition  to  the  galvanic  current,  faradism  is  also  useful, 
especially  in  cases  where  the  farado-muscular  contractility  is 
preserved.  The  reflex  effect  of  cutaneous  faradization  with  the 
dry  brush  is  likewise  made  available  in  the  treatment  of  par- 
alyzed muscles.  Static  charge  and  sparks  are  recommended  by 
some  authorities. 

Before  beginning  the  electrical  treatment  of  a  case  of 
paralysis,  a  positive  diagnosis  of  the  nature  and  seat  of  the 
lesion  upon  which  the  loss  of  motility  depends  is  imperatively 
necessary.  Here  electricity  comes  in  as  an  aid,  for  the  reactions 
of  the  paralyzed  muscles  to-  the  current  indicate  the  nature  or 
seat  of  the  lesion.  For  example,  in  central  palsies,  there  is  at 
first  an  increase  of  electrical  irritability  which  later  becomes 
normal,  but  there  is  no  reaction  of  degeneration.  The  latter  is, 
however,  an  attendant  upon  paralyses  of  peripheral  origin. 

In  Part  II,  Chapter  II,  the  characteristics  of  the  reaction  of 
degeneration  have  been  considered  at  some  length.  The  phe- 
nomena of  R.  D.  are,  however,  so  closely  interwoven  with  the 
prognosis  of  certain  paralyses  that  their  clinical  significance  and 
relations  to  the  gravity  of  the  case  may  be  stated  as  follows : — 

"1.  The  faradic  and  galvanic  irritability  of  the  nerve  and 
muscle  (each  examined  singly)  is  preserved  unchanged  in  spite 
of  complete  motor  paralysis.  This  may  be  the  case  in  cerebral 
as  well  as  in  light  peripheral  palsies.  If  cerebral  paralysis  can 
be  excluded  on  other  grounds  the  diagnostic-prognostic  conclu- 
sion would  be  as  follows:  Light  peripheral  paralysis,  which 
will  last  about  three  or  four  weeks.  Electrical  treatment  un- 
necessary. 

"  2.  Complete  motor  paralysis ;  faradic  and  galvanic  irrita- 
bility of  the  nerve  diminished  to  a  greater  or  less  degree;  the 
faradic  irritability  of  the  muscle  is  diminished  or  abolished,  while 
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the  galvanic  irritability  is  increased.  The  galvanic  contraction  is 
slow  and  the  anode  closing  contraction  is  equal  to  or  exceeds  the 
cathode  closing  contraction  (partial  E,.  D.).  The  muscle  is  very 
little  or  not  at  all  atrophied.  Diagnostic-prognostic  conclusion: 
Moderate  paralysis  of  neuritic  character.  In  peripheral  cases 
the  prognosis  is  favorable.  The  paralysis  may  continue  from 
one  to  five  months. 

"3.  Absolute  motor  palsy;  complete  reaction  of  degenera- 
tion of  the  early  stage,  moderate  atrophy  of  the  muscle.  The 
nervous  irritability  for  both  currents  is  abolished.  The  farado- 
muscular  irritability  is  entirely  abolished,  while  the  galvanic 
u'ritability  of  the  muscle  is  increased.  The  galvano-muscular 
contraction  is  always  of  a  slow,  tardy  character,  and  generally 
(but  not  always)  the  normal  formula  of  contraction  is  reversed, 
so  that  the  An.  CI.  C.  is  equal  to  or  greater  than  the  Ca.  CI.  C. 
Diagnostic-prognostic  conclusion:  Grave  paralysis  lasting  in 
the  most  favorable  case  five  to  ten  months.  Curability  of  the 
paralysis  may  be  expected  only  when  the  paralyzed  muscles 
show  evidences  of  return  of  trophic  or  motor  innervation. 

"4.  Absolute  motor  palsy;  complete  reaction  of  degenera- 
tion of  late  stage,  extreme  atrophy  of  the  muscle.  Galvanic 
and  faradic  irritability  of  the  nerve  abolished.  Faradic  irrita- 
bility of  the  muscle  absent,  but  galvanic  contractility  weak,  and 
only  produced  by  strong  currents,  and,  finally,  only  on  applica- 
tion of  voltaic  alternatives.  The  muscle  is  reduced  to  a  cord  in 
size,  and  hard.  Diagnostic-prognostic  conclusion:  Extreme 
degree  of  paralysis,  lasting  at  least  ten  to  twelve  months.  The 
probability  of  cure  diminishes  with  the  length  of  time  during 
which  these  phenomena  continue.  Signs  of  restoration  of  func- 
tion or  nutrition  of  the  nerve  increase  the  probability  of  a  return 
of  the  normal  function  of  the  paralyzed  part."* 

Duchenne  has  called  attention  to  a  hyperaesthetic  condition 
of  the  paralyzed  muscles  which  comes  on  in  the  course  of  the 
faradic  treatment.     This  muscular  hyperaesthesia  is  a  valuable 

*  Von  Ziemssen,  Die  Elektricitat  in  der  Medicin,  5te  aufl.    Berlin,  1887. 
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prognostic  indication  of  the  impending  return  of  trophic  and 
motor  innervation.  Von  Ziemssen  agrees  with  the  French 
author  in  considering  tliis  symptom  of  vahie,  hut  states  that  its 
absence  is  not  in  all  cases  an  unfavorable  prognostic. 

SPECIAL   PARALYSES. 

Facial  Palsy  (Bell's  Palsy). — Tliis  most  common  of  all  forms 
of  peripheral  palsies  (Fig.  222)  usually  yields  very  promptly  to 
electrical  treatment.  In  the  milder  cases,  where  there  is  no 
E,.  D.,  or  where  this  is  only  partial,  the  prognosis  is  favorable. 


Fig.  222.— Bell" s  Paralysis.    (After  Ranuey.) 

the  normal  contractility  of  the  muscles  being  usually  restored 
within  tw^o  months.  The  severer  forms,  with  complete  R.  D., 
sometimes  yield  after  months  of  persistent  electrical  treatment, 
but  the  prognosis  in  such  cases  is  not  hopeful. 

The  diagnosis  between  central  and  peripheral  paralysis, 
which  is  readily  made  by  the  electrical  reaction,  should  always 
be  established  before  beginning  treatment,  as  it  will  save  much 
disappointment  to  both  physician  and  patient. 

The  results  aimed  at  in  electrical  treatment  are  two:  (1)  to 
remove  the  inflammatory  products  in  and  around  the  track  of 
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tlie  nerve  through  the  electrolytic  effects  of  the  current,  and  (2) 
to  hmit  or  arrest  atrophy,  contracture,  or  spasm  of  the  muscles 
by  stimulatmg  the  normal  nutritive  process. 

The  methods  of  treatment  to  be  followed  in  Bell's  paralysis 
are  as  follow:  Transverse  occipital  brain  galvanization  and 
subaural  galvanization.  This  is  followed  by  galvanization  of 
the  nerve-trunk  and  its  branches ;  faradization  of  the  nerve,  one 
pole  being  placed  over  the  stylo-mastoid  foramen  and  the  other 
successively  over  the  motor  points  of  the  paralyzed  muscles. 
Static  electricity  (breeze  and  sparks)  may  be  applied  along  the 
course  of  the  nerve.  Galvano-faradization  may  also  be  used, 
especially  in  obstinate  cases.  The  faradic  brush  over  the  area 
of  distribution  of  the  sensory  branches  of  the  fifth  nerve  may 
sometimes  bring  about  contraction  of  the  paralyzed  muscles  by 
reflex  action. 

The  electrical  treatment  should  be  begun  as  early  as  possible 
after  the  lesion,  in  order  to  prevent  contracture. 

Facial  paralysis  of  central  origin  offers  a  much  more  serious 
prognosis.  Recoveries  are  comparatively  rare,  although  decided 
improvement  sometimes  follows  electrical  treatment.  The  centric 
methods  of  electrization,  brain  and  subaural  galvanization, 
must  not  be  omitted  in  this  variety  of  palsy.  The  paralyses  of 
the  muscles  of  mastication  generally  belong  to  the  centric  palsies, 
and  must  be  treated  upon  the  principles  already  laid  down  for 
affections  of  central  origin. 

In  paralysis  of  the  eye-muscles  the  lesion  is  usually  periph- 
eral. Galvanic  and  faradic  stimulation  are  indicated.  When 
the  former  is  employed,  the  anode  is  placed  over  the  back  of  the 
neck,  and  the  cathode  to  the  closed  lids.  Or  a  very  fine  elec- 
trode may  be  used  to  stimulate  the  muscles  through  the  motor 
points  found  on  the  bulbar  side  of  the  lids.  In  mydriasis  either 
the  galvanic  or  faradic  currents  may  be  used.  In  using  the 
former,  mild  currents  and  small  electrodes  are  employed,  the 
anode  being  placed  over  the  middle  of  the  closed  eye,  and  the 
cathode  swept  around  the  orbital  border.     The  faradic  current 
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may  be  applied  directly  to  the  conjunctiva  after  benumbing  tlie 
sensation  with  cocaine. 

Paralysis  of  the  Spinal  Accessory. — This  affects  principally 
the  sterno-cleido-mastoid  and  trapezius  muscles.  The  methods 
of  treatment  indicated  are  spinal  galvanization  and  galvanic  or 
faradic  stimulation  of  the  paralyzed  muscles,  and  the  faradic 
brush  to  the  skin  over  the  muscles.  The  lesion  in  the  nerve  is 
usually  peripheral,  and  the  prognosis  is  favorable.  If  the 
paralysis  is  of  central  origin,  brain  galvanization  should  be 
added  to  the  other  procedures  mentioned. 

Hypoglossal  Paralysis. — Transverse  brain  galvanization,  and 
intermittent  galvanic  stimulation  of  the  muscles  of  the  tongue. 
The  cathode  is  applied  to  the  motor  point  for  the  hypoglossal 
nerve,  and  the  anode  to  the  back  of  the  neck.  This  form  of 
paralysis  is  frequently  an  accompanying  symptom  of  brain  or 
medullar  lesions. 

Paralysis  of  the  Muscles  of  Deglutition. — This  is  a  frequent 
sequel  of  diphtheria,  and  should  be  treated  principally  with 
galvanization  and  faradization  of  the  muscles  of  deglutition. 
Anode  to  back  of  the  neck,  cathode  to  cheeks  and  lips,  or 
faradization  of  the  velum,  will  often  cause  attempts  at  swal- 
lowing. 

Laryngeal  Paralysis. — In  addition  to  galvanization  of  the 
brain  and  cervical  spine,  percutaneous  faradization  and  galvani- 
zation are  indicated.  Intra-laryngeal  electrization  is  difficult  to 
perform.  When  it  is  desired  to  stimulate  the  laryngeal  muscles 
directly,  an  insulated  urethral  sound  may  be  used.  Von  Ziemssen 
has  devised  a  double  electrode  for  intra-laryngeal  use,  but  this 
method  is  rarely  employed,  equally  good  or  better  effects  being 
secured  from  the  percutaneous  applications  of  the  current.  Erb 
advises  the  anode  to  be  placed  on  the  back  of  the  neck  well  up 
under  the  occiput,  and  the  cathode  to  be  passed  up  and  down 
along  the  front  of  the  larynx  and  trachea  in  order  to  bring  all 
the  laryngeal  muscles  and  nerves  under  the  influence  of  the 
current.     Faradism  may  be  employed  in  the  same  way. 
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Paralysis  of  the  Upper  Extremity. — In  the  palsies  of  the 
various  muscles  of  the  upper  extremity  the  galvanic  current  is 
employed  to  influence  the  appropriate  nerves  from  the  spine  to 
the  plexus,  and  then  along  the  course  of  the  various  nerve- 
trunks.  In  cases  of  traumatic  paralysis  the  current  should  be 
passed  directly  through  the  seat  of  the  injury  in  order  to  obtain 
the  electrolytic  and  trophic  effects.  Faradism  is  used  either  with 
large,  moist  electrodes,  to  stimulate  the  muscles  directly,  or  by 
the  dry  faradic  brush  to  obtain  reflex  contractions. 

Paralysis  of  the  Muscles  of  the  Trunk. — To  stimulate  the 
serratus  muscle  the  anode  is  applied  to  the  cervical  spine,  and 
the  cathode  to  the  long  thoracic  nerve  in  the  supra-clavicular 
fossa,  in  the  axilla,  and  along  the  course  of  the  nerve.  The 
faradic  current  may  be  employed  in  the  same  way.  The  muscles 
of  the  abdomen  and  loins  are  directly  stimulated  by  both  gal- 
vanic and  faradic  currents.  Large  electrodes  and  strong  currents 
should  be  used  to  obtain  decided  contractions. 

Paralysis  of  the  Lower  Extremity. — In  the  paralyses  of  the 
thigh-  or  leg-  muscles  the  galvanic  current  is  employed  from 
the  spine,  especially  the  lower  portion,  to  the  plexuses,  nerve- 
trunks,  and  muscles.  Faradization  of  the  muscles  is  also  useful. 
In  all  the  varieties  of  motor  paralysis,  static  electricity  in  the 
form  of  the  static  breeze  or  sparks  may  also  be  employed. 

Diphtheritic  Paralysis. — The  muscles  of  the  trunk  and  ex- 
tremities and  the  heart  are  sometimes  paralyzed  or  in  a  paretic 
condition  as  a  result  of  diphtheria.  Severe  attacks  of  other 
infectious  diseases  sometimes  leave  similar  effects.  In  all  these 
cases  brain  and  spinal  galvanization,  with  direct  application  of 
the  current  to  the  affected  muscles,  should  be  tried.  The  heart 
may  be  galvanized  by  direct  transmission  of  the  current  from 
the  back  to  the  sternum.  Large  electrodes  and  mild  currents 
should  be  used,  and  the  current  should  be  frequently  reversed 
(seventy  to  eighty  times  per  minute).  Static  electricity  has  also 
been  used  with  good  effect. 

Syphilitic  Paralysis. — Paralysis  from  syphilitic  infiltrations 
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should  be  treated  with  local  and  general  galvanization  and 
faradization,  in  conjunction  with  appropriate  specific  treatment. 

Toxic  Paralyses,  from  lead,  mercury,  or  other  poisons,  require 
not  only  peripheral  application  of  the  galvanic  and  faradic  cur- 
rents, but  also  spinal  galvanization,  especially  in  the  cervical 
portion  of  the  cord,  a^d  from  the  nape  of  the  neck  to  the 
sternum.     Static  electricity  is  also  useful. 

Muscular  Paralyses  and  Atrophies  from  disuse,  or  idiopathic 
disease  of  the  muscles  should  be  subjected  to  local  faradization 
and  galvanization. 

DISEASES   OF    THE    PERIPHERAL   NERVES. 

Neuritis  and  Perineuritis. — Galvanism  through  the  affected 
portion  of  the  nerve,  or  the  faradic  brush,  or  moxa,  and  farado- 
massage  are  indicated.  In  recent  cases  the  anode  is  placed  over 
the  seat  of  the  lesion  and  the  cathode  in  a  convenient  position 
near  by,  so  that  the  current  will  pass  with  more  or  less  direct- 
ness through  the  lesion. 

DISEASES    OF   THE    SYMPATHETIC    SYSTEM. 

The  methods  of  electrization  used  in  abnormal  conditions 
supposed  to  be  due  to  disease  of  the  sympathetic  nervous  system 
are,  principally,  subaural  galvanization  ("galvanization  of  the 
sympathetic  ")  and  galvanization  of  the  cervical  portion  of  the 
spinal  cord.  Strong  currents  and  voltaic  alternatives  are  some- 
times indicated.  In  cutaneous  angioneuroses  (angiospasm, 
angioparesis)  the  employment  of  general  faradization,  subaural 
galvanization,  and  local  faradization  and  galvanization  are  appro- 
priate methods  of  treatment.  When  the  vessels  are  contracted 
direct  faradic  application  by  brush  or  moist  electrode  with  strong 
currents  produces  dilatation.  Weak  currents  of  short  duration 
with  the  moist  electrodes  to  the  part,  or  the  dry  faradic  brush 
on  the  opposite  side  of  the  body,  produce  contraction  of  the 
vessels. 

Angina  Pectoris. — In  the  attack  the  application  of  strong 
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faradic  currents  through  the  faradic  brush  to  the  precordial  re- 
gion has  produced  prompt  rehef.  Subaural  and  spinal  galvani- 
zation are  also  recommended  in  the  intervals  between  the  attack. 
Transverse  galvanization  of  the  heart  (von  Ziemssen's  method) 
may  be  tried. 

Palpitation  of  the  Heart. — In  this  affection  the  same 
methods  as  are  employed  in  angina  pectoris  are  indicated.  In 
weak,  dilated  heart  von  Ziemssen  has  seen  good  effects  from 
strong  galvanic  currents  passed  through  the  heart  from  the  front 
to  the  back  of  the  chest,  with  frequent  reversal  of  the  current 
(V.  A.). 

Nervous  Asttima. — Subaural  and  spinal  galvanization,  with 
transverse  laryngeal  galvanization  and  faradization,  are  some- 
times useful.  Subaural  galvano-faradization  may  also  be  em- 
ployed. Faradization  of  the  pneumogastric  is  recommended  by 
De  Watteville  and  others. 

DISEASES   OF    THE   MUSCLES    AND    JOINTS. 

In  diseases  of  the  organs  of  locomotion  electricity  is  often 
of  very  great  value.  The  methods  of  application  consist  princi- 
pally of  local  galvanization  and  faradization,  although  in  some 
affections  the  various  methods  of  central  electrization  are  also 
useful. 

Pseudo  -  fiypertropf}/  of  Muscles  and  Thomsen's  Disease 
(Myotonia  Congenita).— Neither  of  these  affections  give  much 
promise  of  success  to  the  electrical  treatment,  but  Erb  advises 
general  faradization,  electric  baths,  and  galvanization  of  the 
muscles,  with  central  galvanization. 

Myalgia  (Muscular  Rheumatism). — Few  diseases  yield  more 
promptly  and  completely  to  electricity  than  the  various  forms 
of  acute  muscular  rheumatism.  Lumbago,  rheumatic  torticollis, 
pleurodynia,  etc.,  often  disappear  like  magic  ("  wie  weggeblasen  "), 
as  Erb  says,  after  the  application  of  the  dry  faradic  brush  over 
the  painful  muscle  for  a  few  minutes.  Strong  currents,  sufficient 
to  redden  the  skin,  are  required.     If  necessary  the  procedure 
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may  be  repeated  several  times  a  day.  Faradization  of  the 
muscles  with  large,  moist  electrodes  is  also  successful.  Galvani- 
zation of  the  muscles  with  anode  application  to  painful  points 
may  often  be  tried  with  good  effect.  In  old  and  obstinate  cases 
faradic  massage  or  static  sparks  may  be  tried. 

Traumatic  Muscular  Atrophy. — In  cases  of  atrophy  of  mus- 
cles from  non-use,  due  to  injury,  diseases  of  the  joints,  or 
general  debilitating  diseases  where  the  muscles  have  wasted, 
the  faradic  current,  to  produce  strong  contractions,  or  combined 
with  mechanical  treatment,  as  in  farado-massage,  or  galvano- 
faradization,  are  useful.  Local  applications  of  static  electricity 
(sparks  and  shocks)  are  also  followed  by  success  at  times.  When 
the  neuro-electrical  irritability  is  preserved  to  either  current  the 
nutrition  of  the  muscles  can  in  most  cases  be  restored. 

Muscular  Cicatrices  and  Contractures. — In  these  cases  the 
galvanic  current  is  used  for  its  electrolytic  and  trophic  effects. 
The  anode  is  applied  to  the  scar,  while  the  cathode  is  placed  on 
the  opposite  side  of  the  limb  or  moved  about  in  a  circle  around 
the  seat  of  the  lesion,  or  the  reverse  position  of  the  poles  may 
be  tried.     Galvano-massage  may  be  of  use. 

Acute  Articular  Rheumatism. — E,.  Hemak  advised  the  ap- 
plication of  the  gab'anic  current  stabile  through  the  affected 
joints  and  claimed  good  results  therefrom.  More  recently  Dros- 
dorff,  von  Beetz,  Abramowski,  and  more  particularly  Lewan- 
dowski  have  used  the  faradic  current  with  highly  gratifying  suc- 
cess. Large,  moist  electrodes  may  be  used,  but  the  favorite 
method  of  the  authors  mentioned  is  the  dry  faradic  brush  (sec- 
ondary coil)  applied  to  the  skin  directly  over  the  joint  until  de- 
cided redness  is  produced.  A  brush  may  be  used  with  either 
electrode,  but  it  is  customary  to  employ  one  brush  and  one  large, 
moist  electrode,  which  is  applied  to  the  limb  opposite  the  area 
faradized  with  the  brush.  The  current  is  at  first  weak,  gradu- 
ally increasing  in  strength.  The  effects  are  a  diminution  of  pain, 
reduction  of  fever,  shortening  of  the  disease  process,  and  ab- 
sorption of  the  exudation.     The  sittings  often   require    to  be 
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repeated  several  times  a  day.    Lewandowski  has  treated  seventy- 
five  cases,  with  satisfactory  results  in  all. 

Chronic  Articular  Riieumatism. — In  these  cases  the  electro- 
lytic effects  of  the  galvanic  current  should  be  brought  into 
requisition.  Strong  currents  should  be  passed  directly  through 
the  joints  in  order  to  cause  absorption  of  the  effusion.  The 
electrodes,  large  and  well  moistened,  should  be  so  placed  as  to 
get  a  direct  permeating  current.  The  current  should  be  fre- 
quently reversed.  Electro-massage  of  the  joint  and  the  sur- 
rounding structures  is  of  advantage  in  relieving  pain  and  pro- 
moting absorption.  When  there  is  much  tenderness  of  the 
joint  the  electric  hand  is  indicated;  in  other  cases  the  roller- 
electrode  (Fig.  223)  may  be  used.  General  electrization,  electric 
baths,  and  local  faradization  with  the  faradic  brush  have  also 
been  followed  by  success. 


Fig.  223.— Roller  or  Massage  Electrode. 

Nodular  Rheumatism  (Rheumatic  Gout). — This  obscure  and 
persistent  affection  has  occasionally  yielded  to  electricity.  As 
the  disease  seems  at  times  to  have  some  connection  with  the 
nervous  system,  some  electricians  have  performed  subaural  and 
spinal  galvanization  in  addition  to  proper  local  electrical 
measures.  Galvanism  is  used,  passing  the  current  directly 
through  the  affected  joint,  in  order  to  secure  the  electrolytic 
effects.  The  faradic  brush  or  moist  electrodes  may  be  employed 
for  the  relief  of  pain. 

Articular  Effusions. — In  effusions  into  the  joints,  whether 
inflammatory  or  vaso-neurotic  in  origin,  electricity  is  often  of 
decided  value.  Transverse  galvanic  currents,  with  V.  A.,  or 
faradization  with  the  dry  brush  or  moist  electrodes,  or  galvano- 
puncture,  have  aU  been  followed  by  success. 
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Traumatic  Arthritis. — The  usual  percutaneous,  electrolytic 
methods,  faradization  with  the  dry  brush  and  moist  electrodes, 
local  faradic  baths,  and  in  some  cases  prolonged  weak  galvanic 
currents  have  all  been  followed  by  success.  Most  non-purulent 
effusions  into  joints  will  yield  to  a  rationally-conducted  electrical 
treatment. 

Hypertrophic  Callus  and  Other  Traumatic  Periostoses. — 
Prolonged  transverse  galvanization  of  the  seat  of  the  deposit 
with  V.  A.  will  often  yield  good  results.  To  illustrate  the 
importance  of  persistence  in  the  treatment  the  following  case 
reported  by  Moritz  Meyer  is  quoted :  A  boy  had  a  large,  bony 
callus  on  the  left  arm,  interfering  with  the  motions  of  the  elbow- 
joint.  The  flexores  communis,  sublimis  and  profundis,  and  the 
flexor  longus  pollicis  were  imbedded  in  the  callus  and  their 
action  inhibited.  Meyer  applied  a  large  electrode  to  one  surface 
of  the  arm  and  used  a  small  electrode  to  the  median  nerve  and 
then  over  the  callus,  and  made  numerous  reversals  of  the  current. 
In  the  course  of  seven  months,  during  which  the  patient  had 
one  hundred  and  eighteen  sittings,  the  callus  had  been 
removed  and  the  mobility  of  the  joint  restored.  Before 
Meyer  undertook  the  treatment  of  the  case.  Professor  von  Berg- 
mann  had  examined  the  patient  and  proposed  resection  of  the 
joint  as  the  only  practicable  procedure. 

Anchylosis,  Stiffness  of  Joints,  and  Periarthritic  Swellings. 
— These  often  yield  to  the  constant  current  (electrolytic  cur- 
rent). The  faradic  current  may  sometimes  aid  the  effect,  but 
the  principal  reliance  must  be  placed  in  galvanism. 

Painful  Neuroses  of  the  Joints. — The  so-called  joint  neu- 
ralgias are  readily  treated  by  electricity.  Pressure  points  should 
be  searched  for  and  subjected  to  the  anode  applications.  These 
painful  spots  may  usually  be  found  in  the  following  localities: 
For  the  spinal  articulations,  over  the  spinous  processes;  A)r  the 
elbow,  at  the  external  condyle  of  the  humerus  and  the  head  of 
the  radius;  for  the  wrist,  at  the  styloid  process  of  the  ulna; 
for  the  hip,  midway  between  the  tuber  ischii   and   trochanter 
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major,  a  little  external  to  the  latter;  for  the  knee,  at  the  mternal 
condyle,  at  the  apex  of  the  patella,  and  behmd  the  head  of  the 
fibula;  for  the  ankle,  below  each  malleolus. 


DISEASES   OF   THE   EYE. 

Removal  of  Foreign  Bodies. — The  removal  of  foreign  bodies 
(particles  of  iron  and  steel)  by  means  of  an  electro-magnet 
has  been  frequently  accomplished.  Professor  Hirschberg,  of 
Berhn,  has  constructed  a  magnet  for  this  purpose,  with  which 
he  has  operated  a  large  number  of  times.  In  1885  lie  reported 
thirty-three  successful  cases.  Many  modifications  of  this  instru- 
ment have  been  made.  One  of  the  most  convenient  of  these 
was  devised  by  Dr.  Hubbell,  and  is  shown  in  Fig.  224.     Dr. 


Fig.  224.— HXJBBELL'S   ELECTRO-M-AGlSrET. 


Hubbell  claims,  as  advantages  for  this  instrument,  greater  power 
of  attraction,  lightness,  small  size,  shape,  and  convenience  of 
manipulation. 

The  apparatus  is  connected  with  one  cell  of  any  kind  of 
active  battery,  and  the  end  of  the  magnet,  projected  into  a  fine 
terminal  point,  is  placed  as  near  as  convenient  to  the  foreign 
body.  On  closing  the  circuit  the  current  passes  through  the 
wire  of  the  electro-magnet  and  renders  the  iron  core  magnetic. 
If  the  foreign  body  is  deeply  imbedded  in  the  eyeball,  it  may  be 
necessary  to  puncture  the  ball  and  insert  the  point  of  the  electro- 
magnet until  the  foreign  particle  can  be  attracted  by  it  and 
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removed.  The  battery  circuit  must  not  be  broken  until  the 
particle  is  entirely  removed  from  the  eye.  By  means  of  this 
instrument  particles  of  iron  have  been  removed  from  the  vitreous 
humor  without  adding  to  the  injury  already  sustained  by  the 
organ. 

Angiomata  of  the  lids  may  be  readily  destroyed  by  elec- 
trolysis. A  needle-electrode  (Fig.  225)  is  used  as  cathode  and 
moderate  destruction  of  the  morbid  growth  produced,  especial 
attention  being  directed  to  the  enlarged  vessels,  obliteration  of 
which  must  be  attempted.  If  a  current  of  proper  strength  is 
employed,  the  tissues  around  the  needle  become  pale,  then 
grayish  and  puffy  from  the  infiltration  of  gas.  There  is  usually 
no  bleeding  on  withdrawal  of  the  needle,  but  should  any  follow 
it  can  be  easily  arrested  by  reversing  the  current,  making  the 


Fig.  225.— Needle-Electrode. 


needle  positive  and  re-inserting  it.  This  produces  a  firm  clot 
and  arrests  all  bleeding  promptly.  The  positive  electrode 
should  be  the  ordinary  sponge  or  cotton-covered  electrode, 
which  may  be  applied  to  the  temple  or  on  an  indifferent  point. 
It  is  usually  most  convenient  to  apply  it  to  the  back  of  the  hand. 
The  needle  should  be  of  gold  or  platinum  in  order  to  avoid 
corrosion.  A  steel  needle  will  not  be  attacked  by  the  fluids 
around  the  negative  pole,  but  it  is  difficult  to  prevent  its  oxida- 
tion, while  if  it  is  required  to  use  it  as  the  anode  it  is  quickly 
corroded  by  the  fluids  set  free  around  the  positive  pole,  and 
then  becomes  difficult  to  remove  without  producing  a  good  deal 
of  disturbance  of  the  clot  or  tissues.  In  some  cases,  also,  the 
black  oxide  of  iron  formed  may  remain  as  a  permanent  tattoo- 
mark. 

Great   care   should   be    taken   not  to   produce  too  much 
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destruction  at  one  time,  for  a  large  slough  may  leave  a  dis- 
figuring scar.  If  the  electrolysis  is  performed  carefully  the 
result  will  be  very  satisfactory.  The  most  important  requisite 
for  a  good  result  is  patience. 

Small  areas  (about  one  square  centimetre)  should  be  taken 
at  a  sitting.  With  the  electrodes  mentioned,  a  current  of  2  to  3 
milliamperes  is  adequate  to  produce  sufficient  destruction.  The 
needle  may  be  kept  in  one  position  four  or  five  minutes  and 
then  carefully  withdrawn  and  re-inserted  at  a  little  distance. 
The  circuit  should  be  broken  before  withdrawing  the  needle. 

Other  new  growths,  such  as  papillomata,  pigmentary  nsevi, 
and  even  epitheliomata,  are  destroyed  with  nearly  equal  readi- 
ness by  means  of  electrolysis.  The  needle  is  used  as  cathode, 
the  anode  being  placed  on  any  convenient  portion  of  the  body. 
A  current  of  from  1  to  4  milliamperes  is  used  for  four  or  five 
minutes  at  a  time,  the  base  of  the  growth  being  perforated  in 
several  directions  with  the  needle.  The  destroyed  growth 
shrivels  up  and  drops  off  in  the  course  of  a  week  or  ten  days, 
leaving  a  dry,  brownish  spot,  which  gradually  fades  to  white. 
The  only  dressing  required  is  an  application  of  hot  water  once 
or  twice  a  day,  for  four  or  five  minutes,  and  repeated  on  two  or 
three  successive  days. 

The  galvano-cautery  knife  or  snare  can  also  be  used  for  the 
destruction  of  small  growths  about  the  eyelids. 

In  Trichiasis,  so  difficult  to  cure  by  any  other  method, 
brilliant  results  are  obtained  with  electrolysis.  In  fact,  the  pres- 
ent extensive  employment  of  electrolysis  in  dermatology  dates 
from  its  use  by  Dr.  Michel,  of  St.  Louis,  in  treating  trichiasis. 
The  cathodic  needle  is  used  with  a  current  of  |-  to  2  milliam- 
peres, the  sensibility  of  the  lids  having  first  been  obtunded  with 
a  10-per-cent.  solution  of  cocaine.  The  cathodic  needle  is 
carefully  inserted  into  the  follicle  of  the  misdirected  lash,  and 
the  circuit  closed,  either  with  the  contact  closer  in  the  handle, 
or  with  the  anode.  The  current  is  passed  until  the  hair  can 
be  removed  without  resistance  by  means  of  a  pair  of  epilating 
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forceps.  Then  the  circuit  is  broken  and  the  needle  withdrawn. 
If  the  operation  has  been  carefully  performed  the  hair  thus  re- 
moved will  not  grow  again. 

Inflammation  of  the  Meibomian  Follicles  and  Chalazion  may 
also  be  successfully  treated  by  electrolysis.  The  needle,  as 
cathode,  is  inserted  into  the  small  swelling,  and  a  mild  cur- 
rent passed  a  few  minutes.  A  channel  remains  through  which 
the  contents,  purulent  or  cheesy,  may  discharge.  The  walls  of 
the  little  cysts  in  chalazion  are  also  stimulated  to  healthy  action, 
and  recovery  follows. 

Entropion  and  Ectropion  have  been  treated  successfully  by 
long-continued  faradization  of  the  orbicularis  palpebrarum 
muscle,  using  fine  electrodes.  In  entropion,  however,  the  gal- 
vano-cautery  will  produce  quicker  results  if  a  small  strip  of  skin 
is  deeply  seared  and  allowed  to  heal  by  cicatrization.  The  con- 
traction of  the  hnear  cicatrix  turns  the  border  of  the  lids  out- 
ward. 

Spasms  of  the  Eyelids  are  treated  with  mild  galvanic  cur- 
rents, applying  the  anode  to  painful  spots,  if  any  are  present. 
Galvanization  of  the  medulla  oblongata  and  subaural  galvani- 
zation are  also  employed.  Anode  application  to  the  closed  lids, 
cathode  indifferent,  has  been  tried  with  good  efiect.  Swelling 
faradic  currents  (Far.  <C  >)  ^nd  V.  A.  have  been  used.  Le- 
wandowski  relates  a  case  of  reflex  blepharospasm,  in  which  the 
spasm  of  the  orbicularis  and  corrugator  followed  ten  days  after 
a  sabre-cut  of  the  left  cheek.  The  spasms  were  severe  and  con- 
stant. A  single  sitting,  with  galvanization  of  the  medulla 
oblongata,  anode  to  back  of  neck,  cathode  in  the  hand,  relieved 
the  spasm  perfectly.  Spasms  of  the  ocular  muscles  are  treated 
on  the  same  principles  as  other  facial  spasms  {q.  v.). 

Trachoma  is  sometimes  treated  by  electrolysis.  The  double 
electrode  (Fig.  226)  is  a  convenient  method  of  producing  ab- 
sorption or  thinning  of  the  abnormally  thickened  mucous  mem- 
brane. 

Paralyses  of  Ocular  Muscles. — These  may  be  of  central, 
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but  are  mostly  of  peripheral  (rheumatic,  syphilitic,  diphtheritic) 
origin.  The  prognosis  is  usually  favorable  in  recent  cases. 
The  electrical  treatment  is  partly  directed  to  the  centres  (brain 
galvanization),  and  partly  to  the  paralyzed  nerves  and  muscles. 
The  cathode  may  be  applied  over  the  closed  eyelids,  and  the 
anode  to  the  back  of  the  neck  or  the  occipital  region  of  the 
opposite  side.  If  the  conjunctiva  is  anaesthetized  with  cocaine 
the  muscles  can  be  directly  stimulated  with  a  fine  electrode 
(Ca.)  through  the  conjunctival  sac,  as  practiced  by  Gozzini  and 
M.  Rosenthal,  the  anode  being  applied  over  the  forehead. 
Peripheral  faradization  or  galvano-faradization  may  also  be 
tried.  Subaural  galvanization  is  sometimes  useful.  Soetlin 
has  successfully  treated  acquired  nystagmus  with  galvanization 
of  the  eyeball,  a  large  electrode  (Ca.)  being  applied  over  the 


Fig.  226.— DOTJBT.E  Electrode  for  Trachoma. 

closed  eye,  and  the  anode  placed  upon  an  indifferent  point. 
Short  sittings  (one-half  to  one  and  one-half  minutes)  are  indicated. 

Mydriasis. — The  anode  may  be  placed  over  the  closed  eye, 
and  the  cathode  swept  around  the  orbit.  Direct  faradization  of 
the  eyeball,  after  cocainization,  may  also  be  tried. 

Muscular  Asthenopia  may  sometimes  be  cured  by  galvani- 
zation of  the  internal  rectus.  The  cathode  is  applied  over  the 
inner  angle  of  the  closed  eyelids. 

Corneal  Affections. — Keratitis  of  various  kinds  has  fre- 
quently been  treated  successfully  with  electricity.  In  phlyctenu- 
lar keratitis  faradization  of  the  conjunctiva,  with  a  moist  camel's- 
hair  pencil  as  an  electrode,  has  been  used,  or  one  electrode  may 
be  applied  over  the  closed  eyelids,  and  the  other  in  the  nape  of 
the  neck.     The  galvanic  current  may  also  be  used,  and  success 
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has  been  reported  with  it  in  iieiiro-paralytic  ophthalmia  and 
parenchymatous  keratitis.  Subaural  galvanization  has  been 
employed  in  pannous  keratitis.  Opacities  of  the  cornea  have 
been  successfully  treated  by  means  of  electrolysis,  and  special 
electrodes  have  been  devised  for  this  purpose.  Adler  proceeds 
in  the  following  manner :  A  small,  moistened  metal  plate  (anode) 
is  applied  to  the  scleral  conjunctiva,  and  the  cathode,  a  small 
silver  spatula,  is  passed  with  slight  pressure  over  the  opacity. 
A  current  of  1  to  1^  milliamperes  is  employed,  and  the  sitting 
continued  for  only  ten  to  twenty  seconds.  Atropia  is  then  in- 
stilled, and  the  eye  bandaged.  In  a  few  days  the  signs  of  irri- 
tation disappear,  and  much  improvement  is  manifested  in  the 
appearance  and  usefulness  of  the  eye. 

The  galvano-cautery  has  also  been  used  with  excellent  re- 
sults in  corneal  affections.  In  rapidly-destructive  or  infective 
ulcerations,  the  prompt  use  of  the  galvano-cautery  will  often 
save  the  organ  from  destruction. 

Diseases  of  the  Iris. — In  iritis,  the  electrolytic  current 
through  a  large  moist  electrode  over  the  closed  lids  has  been 
used  successfully,  Hypopion  has  also  been  successfully  treated 
by  means  of  direct  faradization,  a  fine  sponge  electrode  being 
applied  to  the  lower  border  of  the  cornea,  and  the  region  of  the 
purulent  collection  being  touched  three  or  four  times  during  the 
sitting. 

Diseases  of  tfie  Choroid. — Chronic  inflammatory  affections 
of  the  choroid,  with  pigment  deposits,  plastic  exudations,  or 
atrophic  spots  are  favorably  influenced  by  the  galvanic  current. 
One  electrode  is  placed  upon  the  brow  and  the  other  behind  the 
ear  of  the  same  side. 

Diseases  of  the  Lens. — Opacities  of  the  lens  from  various 
causes  have  been  subjected  to  the  galvanic  current  with  asserted 
success.  Giraud-Teulon  states  that  electricity  is  the  most 
effective  and  rapid  method  of  treatment  of  all  forms  of  cloudi- 
ness of  the  lens.  Whether  it  is  equally  effective  in  true  cata- 
ract is  doubtful,   although  Neftel    has  reported  good  results. 
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The  galvanic  current  is  used.  The  electrodes  are  applied  so  as 
to  secure  direct  transmission  of  the  current  through  the  eyeball. 
One  electrode  may  be  applied  over  the  closed  eye  and  the  other 
to  the  back  of  the  neck,  the  mastoid  process,  or  the  subaural 
fossa.  The  current  should  be  passed  alternately  in  both  direc- 
tions. Weak  currents  and  short  sittings,  three  to  five  minutes, 
should  be  the  rule. 

Diseases  of  the  /Retina. — Atrophy  of  the  optic  nerve,  either 
primary  or  in  the  course  of  posterior  spinal  sclerosis,  may  some- 
times be  improved  by  the  proper  and  persistent  use  of  galvan- 
ism, but  the  prospect  is  not  very  encouraging.  A  number  of 
cases  are  reported,  however,  and,  in  the  absence  of  any  other 
trustworthy  treatment  of  this  affection  at  our  command,  elec- 
tricity should  be  given  a  patient  trial.  In  optic  neuritis  and 
secondary  atrophy,  the  results  are  usually  more  favorable.  De- 
cided improvement  can  often  be  obtained,  and  in  a  considerable 
number  of  cases  the  functional  activity  of  the  eye  may  again 
approach  the  normal  standard. 

Amblyopia  and  Amaurosis,  consequent  upon  toxic  causes, 
hysterical  visual  abnormalities,  and  other  disturbances  of  vision, 
for  which  no  anatomical  lesions  can  be  found,  are  all  more  or 
less  favorable  conditions  for  electrical  treatment.  The  methods 
are :  Transverse  frontal  galvanization ;  galvanization  from  the 
closed  eyelids  to  the  mastoid  process,  or  nape  of  the  neck;  sub- 
aural  galvanization,  galvano-faradization,  and  the  dry  galvanic 
brush,  according  to  Rumpf 's  method.  The  results  in  most  cases 
depend  upon  electrolytic  and  reflex  trophic  effects  of  currents. 

Stricture  of  tiie  Nasal  Duct  should  yield  with  especial  facility 
to  electrolysis  properly  applied, — cathode  in  the  duct  by  means 
of  an  insulated  sound,  anode  in  the  palm  of  the  hand.  Weekly 
sittings.     Trial  should  be  made  of  the  method. 

DISEASES   OF   THE   EAR. 

Noises  in  tfie  Ear,  Hypercssthesias,  Paroestiiesias,  and  Torpor 
of  tfie  Auditory  Nerve  are  all  more  or  less  susceptible  to  improve- 


312        PRACTICAL   ELECTRICITY   IN    MEDICINE    AND    SURGERY. 

meiit  by  electrical  treatment.  Brenner,  who  developed  to  sucli 
a  high  degree  the  physiological  reactions  of  the  auditory  appa- 
ratus to  the  electric  current  (see  p.  155),  also  contributed  much 
to  our  knowledge  of  the  therapeutic  application  of  electricity  in 
aural  affections.  The  galvanic  current  is  usually  employed, 
although  faradization  and  static  electricity  have  been  used  very 
successfully  by  some  practitioners. 

Tinnitus  Aurium,  depending  upon  nervous  disorders,  has 
been  treated  by  transverse  or  diagonal  brain  galvanization, — 
from  mastoid  to  mastoid,  or  from  mastoid  of  one  side  to  the  back 
of  the  neck  of  the  other  side.  Good  results  have  been  obtained 
in  some  cases  by  these  methods.  The  "polar  method"  of 
Brenner  is,  however,  generally  adopted.  This  is  based  upon 
the  physiological  reactions  to  the  galvanic  current.  If  there  is 
electrical  hypersesthesia  of  the  auditory  nerve,  the  normal  sound 
sensations  produced  by  opening  and  closing  of  the  current  with 
the  different  poles  are  simply  intensified.  This  may  be  present 
with  tinnitus.  The  normal  formula  of  sound  reactions  may  also 
be  reversed.  In  this  case  the  character  of  the  reaction  furnishes 
an  indication  for  the  treatment.  Thus,  in  a  case  of  tinnitus  let 
the  anode  first  be  employed,  placing  the  cathode  at  an  indif- 
ferent point,  as  the  palm  of  the  hand.  If  the  noises  are  not 
modified,  or  are  even  increased,  the  other  pole  is  tried.  The 
anode-closing  and  anode-duration  reactions  are  first  tested,  and 
if  they  produce  no  abatement,  or  an  increase  in  the  noises,  the 
pole  is  reversed  and  the  cathodic  reactions  tested.  Brenner, 
Erb,  Hagen,  and  Moos  have  reported  cases  in  which  treatment 
based  upon  the  galvanic  acoustic  reaction  was  followed  by 
prompt  relief.  In  the  majority  of  cases  the  anode  treatment 
was  successful.  When  a  modification  or  disappearance  of  the 
noises  has  been  obtained,  the  current  should  be  gradually 
diminished  with  the  rheostat  in  order  to  avoid  the  sudden  shock 
when  the  current  is  broken.  The  current  used  should  not  be 
strong  enough  to  produce  vertigo.  In  nervous  deafness  pretty 
strong  currents  with  V.  A.  are  sometimes  necessary  to  obtain  any 
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reaction.  The  active  electrode  is  usually  applied  directly  over 
the  ear,  or  upon  the  mastoid  process,  but  sometimes  a  special 
aural  electrode,  insulated  by  a  rubber  speculum-tube  (Fig.  227), 
is  inserted  into  the  external  auditory  meatus,  which  is  filled 
with  warm  water.  In  this  way  the  cur- 
rent is  more  strictly  localized,  but  no 
special  superiority  in  results  over  the  ex- 
ternal application  of  the  electrode  has 
been  observed.  The  external  application 
of  the  faradic  current  has  also  been  fol- 
lowed by  success,  while  Benedict  claims 
brilliant  results  with  static  electricity, 
drawing   a   fine    spray  of  sparks    from    the  drum  membrane. 

Nervous  Deafness  unaccompanied  by  tinnitus  may  also  at 
times  be  successfully  treated  by  the  galvanic  current.  The  same 
methods  of  application  are  employed. 

In  bilateral  affections  of  the  auditory  nerve  it  is  often  use- 
ful to  have  the  active  electrode  double ;  that  is  to  say,  a  double 
conducting  cord  for  the  pole  which  is  applied  to  the  ear  (Fig.  228). 
In  this  way  both  ears  are  treated  at  the  same  time. 


Fig.  227.— Aural  Elkc- 

TRODE. 


Fig.  228.— Double  Aural  Electrode.    (Mcintosh.) 


Deficient  Secretion  of  Cerumen. — The  galvanic  current  is 
often  useful  in  this  annoying  condition.  The  meatus  is  filled 
with  warm  water,  the  insulated  ear-electrode  introduced  and 
connected  with  the  negative  pole.  The  anode  may  be  applied 
over  the  mastoid  process,  or  held  in  the  hand.  The  secretion 
soon  becomes  freer  and  the  pliability  of  the  lining  membrane  of 
the  canal  restored.  It  is  probable  that  chronic  inflammation 
and  thickening  of  the  membrane,  or  stenosis,  would  also  yield  to 
appropriate  electrical  treatment. 
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Thickening  and  opacity  of  the  tympanic  membrane  may  be 
treated  by  the  galvanic  current,  the  cathode  being  placed  in  the 
meatus,  filled  with  warm  water,  and  the  anode  applied  to  the 
mastoid  process,  the  back  of  the  neck,  or  held  in  the  hand. 

Polypi  in  the  external  meatus  may  be  destroyed  by  elec- 
trolysis, the  pedicle  being  transfixed  with  the  cathode-needle 
electrode,  and  a  weak  current  passed.  The  galvano-cautery  is, 
however,  more  prompt  in  its  effects,  and  little,  if  any,  more 
painful. 

Chronic  Middle- Ear  Catarrh. — It  is  the  prevalent  opinion 
among  otologists  that  most  cases  of  deafness  depend  upon  chronic 
inflammatory  conditions  of  the  tympanic  cavity,  associated  with 
chronic  catarrh  and  collapse  or  stenosis  of  the  Eustachian  tube. 
Weber-Liel  has  highly  recommended  the  application  of  elec- 
tricity to  tone  up  the  relaxed  walls  of  the  tube  in  these  cases. 
He  states  that  in  the  first  stage  of  the  disease,  when  the  muscu- 


FiG.  229.— Electrode  for  Eustachian  Tube. 

lar  walls  of  the  tube  still  react  to  the  electrical  stimulus,  elec- 
tricity is  indicated.  The  effects  are  especially  marked  in  young 
persons,  and  after  two  or  more  sittings  the  hearing  is  often 
greatly  improved.  The  subjective  aural  symptoms  (noises,  etc.) 
may  still  continue,  but  will  also  yield  to  a  continuance  of  the 
treatment.  Only  in  the  later  stages,  when  the  atrophic  changes 
in  the  muscles  of  the  tube  and  of  the  ossicles  have  progressed 
so  far  that  the  electrical  reaction  is  entirely  destroyed,  no  im- 
provement is  to  be  expected.  The  sittings  may  sometimes  re- 
quire to  be  extended  to  fifteen  or  twenty  minutes.  The  active 
electrode  (Ca.),  in  the  form  of  a  fine- wire  stilet,  is  inserted 
into  the  tube  through  a  rubber  catheter  (Fig.  229),  and  the  other 
electrode  may  be  applied  over  the  ear  or  along  the  cervical  spine. 
It  is  strange  that  in  an  affection  so  little  amenable  to  treat- 
ment by  other  methods  more  numerous  observations  have  not 
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been  made  by  specialists  in  aural  diseases,  especially  as  the  con- 
ditions seem  particularly  favorable  for  obtaining  good  results 
from  electrical  treatment. 


DISEASES   OF   THE    NOSE. 

The  functional  disturbances  of  the  sense  of  smell  may 
sometimes  be  relieved  by  galvanization  of  the  Schneiderian 
mucous  membrane,  but  a  more  numerous   class  of  diseases  of 


Fig.  230.— Nasal  Electrode. 


the  nose  are  susceptible  to  electrolytic  treatment.  Hartmann 
has  recently  recorded  his  favorable  experience  with  the  galvanic 
current  in  hypertrophic  rhinitis,  and  Voltolini  has  removed  nasal 
polypi  by  means  of  electrolysis.  In  the  case  of  polypi  and  other 
tumors  of  the  nasal  cavity,  however,  the  galvano-cautery  offers 
such  excellent  advantages  that  it  is  unlikely  to  be  replaced  by 
any  of  the  slower  and  perhaps  less  efficient  measures.  Fig.  230 
shows  an  electrode  used  in  hypertrophic  catarrh. 

DISEASES   OF   THE    TONGUE. 

Ulcers,  paretic  conditions,  and  new  growths  may  require 
electrical  treatment  to  produce  desired  improvement.  Func- 
tional disorders  of  the  sense  of  taste  so  frequently  depend  upon 


Fig.  231.— Tongue-Electrode. 


brain-lesions  that  their  treatment  is  to  be  referred  to  the  latter. 
Ulcers  and  new  formations  may  be  subjected  to  electrolytic  treat- 
ment or  to  the  more  rapidly  acting  galvano-cautery.  A  slight 
cauterization  of  a  lingual  ulcer  with  the  galvano-cautery  will 
often  cause  the  healing  of  the  ulcer  and  prevent  development 
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of  a  cancer.  Fig.  231  shows  an  electrode  for  treating  ulcers  of 
the  tongue  by  electrolysis,  or  for  electrical  stimulation  of  the 
muscular  substance  of  the  organ. 

DISEASES    OF    THE   RESPIRATORY   ORGANS. 

Aphasia,  Aphonia,  and  Aphthongia. — Cases  of  these  affec- 
tions often  yield  with  surprising  promptness  to  electricity.  The 
effects  are  largely  dependent  upon  the  cause.  When  the  affec- 
tion is  hysterical,  intra-pharyngeal  or  transverse  laryngeal  fara- 
dization are  usually  successful.  Galvanization  of  the  spine  is 
also  sometimes  useful.  When  aphasia  is  due  to  an  anatomical 
lesion  of  the  speech-centre,  longitudinal,  transverse,  and  diago- 
nal brain  galvanization  are  indicated.  When  loss  of  speech  is 
caused  by  intra-laryngeal  growths  the  galvano-cautery  snare  or 
electrolysis  under  cocaine  will  be  appropriate  measures  of  treat- 
ment. A  papillomatous  growth  of  the  vocal  cord  can  be  readily 
removed  by  either  method. 

Hysterical  Paresthesias  of  the  Throat  and  Larynx. — Trans- 
verse laryngeal  galvanization  or  faradization  are  effective  in 
many  cases.  The  dry  faradic  brush  may  also  be  used  to  the 
front  of  the  neck.  Galvanism  to  the  cervical  spine,  or  from  the 
spine  to  the  larynx,  may  be  tried  in  some  cases  with  hope  of 
success. 

Nervous  Asthma. — This  is  often  treated  with  success  by 
electricity.  Some  practitioners  use  the  galvanic  current,  otliers 
find  better  results  follow  faradization.  Subaural  and  pneumo- 
gastric  galvanization — anode  to  the  back  of  the  neck,  cathode 
between  larynx  and  sterno-cleido -mastoid  muscle — have  been 
very  successfully  used  by  Brenner  and  Neftel,  Spinal  galvanization 
from  the  cervical  to  the  lumbar  spine  have  yielded  good  results 
in  some  cases.  Transverse  faradization  of  the  chest  with  strong 
currents  may  be  useful. 

Asphyxia. — When  due  to  inhalations  of  poisonous  gases  or 
vapors,  or  the  ingestion  of  poisons,  or  to  arrest  of  respiration  in 
other  ways  (asphyxia  neonatorum,  diphtheria),  this  has  been 
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treated  successfully  with  the  electric  current.  The  method 
employed  is  that  of  faradization  of  the  phrenic  nerves.  Either 
of  two  procedures  may  be  adopted:  (1)  both  electrodes  are 
placed  over  the  motor  points  for  the  phrenic  nerves  in  the  neck 
(see  Fig.  138,  page  162);  or  (2)  one  electrode  is  placed  over  one 
phrenic  nerve,  and  the  other  applied  over  the  pit  of  the  stomach. 
The  current  should  be  interrupted  once  every  three  seconds,  in 
order  to  promote  rhythmical  contractions  of  the  diaphragm. 

DISEASES    OF   THE    ORGANS   OF    CIRCULATION. 

Angina  Pectoris. — During  the  attacks  cutaneous  faradiza- 
tion with  the  dry  brush  over  the  cardiac  region,  as  recommended 
by  Duchenne,  may  be  tried.  This  method  cuts  short  the  attack. 
Direct  faradization  of  the  cardiac  region,  using  large,  moist 
electrodes  and  strong  currents  from  spine  to  front  of  thorax,  has 
also  been  successfully  employed.  Eulenburg  uses  galvanism, 
cathode  to  the  spine,  anode  over  the  heart.  Subaural  and  vagus 
galvanization  and  galvanization  of  the  cervical  portion  of  the 
cord  should  be  persistently  followed  up  during  the  intervals. 
Static  electricity  has  also  been  used  with  success  in  the  forms  of 
static  breeze  and  insulation. 

Dilatation  of  the  Heart. — Von  Ziemssen  has  recommended 
the  transverse  galvanization  of  the  dilated  and  weak  heart  as  a 
means  of  strengthening  the  same.  The  current  is  passed  from 
the  spine  to  the  cardiac  region.  Experiments  by  Herbst  and 
Dixon  Mann  render  it  doubtful  whether  any  direct  effect  can  be 
produced  upon  the  heart  by  this  method  of  using  the  current, 
but  the  final  appeal  must  be  to  clinical  experience.  The  careful 
observation  of  appropriate  cases  subjected  to  electrical  treatment 
will  demonstrate  the  usefulness  or  otherwise  of  this  procedure. 

Aneurism. — When  a  galvanic  current  is  passed  through 
blood  or  other  liquid  containing  albumen,  the  latter  is  coagu- 
lated. The  coagulation  takes  place  at  both  electrodes,  if  both 
are  immersed  in  the  albuminous  fluid,  but  the  clot  around  the 
anode  is  much  denser  than  that  around  the  cathode. 
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These  phenomena  of  the  galvanic  current  led  to  the  trial 
of  this  agent  in  the  treatment  of  aneurisms  situated  in  regions  of 
the  body  or  upon  vessels  not  accessible  to  the  ligature,  compres- 
sion, or  other  means  of  surgical  treatment.  The  first  physician 
who  attempted  the  cure  of  aneurism  by  electricity  was  Petrequin, 
of  Lyons,  who  operated  upon  his  first  case  in  1845.  After  him 
Ciniselli,  Robin,  Dujardin-Beaumetz,  and  others  employed  this 
treatment  with  more  or  less  success.  Up  to  the  present  time 
considerably  more  than  one  hundred  cases  have  been  so  treated, 
and  probably  one-fourth  of  the  number  may  be  said  to  have 
been  cured,  or  the  symptoms  much  alleviated.  Dangerous  results 
from  the  operation  itself  are  rare,  and,  where  proper  care  is  used, 
are  not  likely  to  occur.  It  is  reasonable  to  suppose  that  the 
many  failures  in  the  earlier  reports  of  cases  treated  are  due  to 
improper  methods  employed,  and  perhaps  also  to  the  fact  that 
generally  only  otherwise  hopeless  cases  are  selected  for  trial  of  a 
new  method  of  treatment. 

The  effects  of  galvano-puncture  of  aneurism  are  due  to 
electrolysis.  The  current  decomposes  the  blood,  and  by  recom- 
bination of  chemical  elements  at  the  electrodes — the  so-called 
"secondary"  electrolysis — coagulation  of  albumen  compounds 
takes  place.  The  phenomena  of  electrolysis,  already  described 
(page  255),  can  here  be  readily  recognized.  If  both  poles 
(armed  with  needles),  be  plunged  into  the  tumor,  the  clot  around 
the  positive  is  firm  and  dense,  that  around  the  negative  soft  and 
permeated  with  small  bubbles  of  (hydrogen)  gas. 

In  the  earlier  operations  for  galvano-puncture  (or,  more 
properly,  electrolysis)  of  aneurism,  both  poles  were  introduced 
into  the  tumor.  The  consequence  was  that  two  kinds  of  clot 
were  produced,  one  of  which  (the  soft  cathodic  clot)  had  a  strong 
tendency  to  break  down  and  soften.  Some  bad  results  were 
thus  produced. 

In  more  recent  trials,  however,  the  anode  alone  was  in- 
troduced into  the  aneurismal  sac,  the  cathode  being  applied 
externally.     In  this  way  but  one  sort  of  clot,  a  firm  one,  was 
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produced,  which  adhered  to  the  sides  of  the  sac,  and  showed 
httle  tendency  to  break  down  or  become  detached  and  form 
dangerous  embohsms.  The  perfected  method  of  introducing, 
but  one  pole  (the  anode)  into  the  sac,  and  carefidly  regulating 
the  current  used  with  a  rheostat  and  miUiamperemeter,  deserves 


Fig.  232.— Needle-Electbode  foe,  Electrolysis  of  Anetjeism. 

to  be  more  extensively  tried  in  a  malady  which  offers  such  slight 
prospects  of  cure  with  any  other  method  of  treatment. 

The  method  of  employing  electrolysis  in  aneurism  is  as 
follows : — 

One  or  more  gold  or  platinum  needles,  insulated  to  within 
one  inch  of  the  point,  in  order  to  avoid  action  on  the  skin  and 
other  tissues  intervening  between  the  surface  and  the  sac,  are 
plunged  into  the  sac  to  a  sufficient  depth  to  entirely  immerse  the 
uninsulated  portions  in  the  fluid  contents  of  the  tumor.  The 
other  ends  of  the  needles,  if  more  than  one  be  used,  are  then 
connected  with  a  conducting  cord  by  means  of  a  collecting 
contact  (shown  in  Fig.  232).  The  needles  are  connected  with 
the  positive  pole  of  the  battery. 

As  the  negative  pole  a  large  electrode,  either  of  carbon, 
clay,  or  metal,  covered  with  moist  absorbent  cotton,  is  used. 
Wire-gauze  sheets  make  very  convenient  electrodes  (Fig.  233). 


Fig.  233.— Wire-Gauze  Electkodes. 


They  are  flexible,  and  can  easily  be  made  to  fit  snugly  any 
surface.  They  should  be  covered  with  a  moist  layer  of  absorbent 
cotton.  A  bath-towel  well  moistened  with  salt  solution  answers 
the  purpose  very  well. 

The  negative  electrode  is  first  applied  where  it  will  not  be 
in  the  way.     If  the  aneurism  is  thoracic,  the  electrode  may  be 
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applied  over  the  abdomen,  and  vice  versa.  After  making  sure 
of  all  contacts  and  the  proper  working  condition  of  the  battery, 
the  needles  are  then  successively  plunged  into  the  aneurismal 
sac.  With  the  milliaraperemeter  in  the  circuit,  the  cells  are 
then  gradually  added,  one  by  one,  until  a  current  of  20  to  30 
milliamperes  is  shown  by  the  meter.  This  may  be  allowed  to 
act  for  ten  minutes  and  then  the  current  is  gradually  reduced 
by  dropping  out  of  circuit  the  cells  one  at  a  time.  If  there  is  a 
good  rheostat  in  the  circuit,  this  should  be  used  to  increase  and 
diminish  the  strength  of  the  current.  If  it  be  attempted  now  to 
withdraw  the  needles  from  the  sac,  it  will  be  found  that  they 
are  pretty  firmly  fixed  in  their  positions.  This  is  owing  to  the 
closeness  and  density  of  the  clot.  Should  they  be  removed  by 
forcibly  pulling  upon  them,  the  clot  may  be  disturbed  in  position 
and  allow  bleeding  from  the  interior  of  the  sac  through  the 
puncture,  or  portions  of  the  clot  may  be  broken  off  and  be 
washed  along  in  the  blood-current,  and  cause  embolism.  For 
this  reason  the  needles  should  be  first  gently  rotated  to  loosen 
them  from  the  coagulum  and  very  gradually  withdrawn.  A 
better  method  is,  however,  after  diminishing  the  current  to  zero, 
to  reverse  the  poles  making  the  needles  negative,  and  then 
sending  a  moderate  current  through  the  circuit  in  the  opposite 
direction  for  a  minute  or  two.  This  produces  a  little  disintegra- 
tion immediately  around  the  needles,  and  they  can  then  be 
removed,  not  only  without  force,  but  without  danger  of  causing 
hcBmorrhaoje. 

After  withdrawal  of  the  needles  the  punctures  are  covered 
with  a  little  antiseptic  cotton  and  painted  over  with  collodion. 
It  goes  without  saying,  that  strict  antiseptic  precautions  should 
be  observed  throughout  the  operation.  The  needles  must  be 
disinfected  and  the  skin  thoroughly  washed  with  a  disinfectant 
solution  of  mercuric  bichloride.  It  will  hardly  be  necessary  to 
add  that  the  operator's  hands  should  likewise  be  in  an  aseptic 
condition. 

After  the  operation  the  patient  should  be  kept  quiet  for 
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several  days.  If  symptoms  of  inflammation  manifest  themselves 
they  should  be  combated  by  hot  or  cold  applications  and  such 
other  measures  as  are  rationally  indicated. 

Sometimes  a  single  sitting  is  sufficient  to  produce  coagula- 
tion of  the  entire  mass  of  blood  in  the  sac.  In  others,  a  number 
are  required.  In  this  event,  the  sittings  may  be  repeated  every 
ten  to  fifteen  days.     Ansesthetics  are  rarely,  if  ever,  necessary. 

DISEASES   OF   THE   ABDOMINAL    ORGANS. 

The  galvanic,  faradic,  or  combined  currents  passed  through 
the  abdominal  walls  cause  contraction  of  the  muscular  coats  of 
the  stomach  and  intestines,  and  may  in  this  way  act  favorably 
in  torpidity  of  the  gastro-intestinal  tract,  dilatation  of  the 
stomach,  chronic  constipation,  etc.,  or  even,  by  producing  regu- 
lar vermicular  movements,  may  cause  restoration  of  displaced 
gut  in  invagination  or  hernia. 

Neuroses  of  the  Stomach  and  Intestines. — Gastralgia,  enter- 
algia,  and  colic  often  yield  to  the  galvanic  current.  The  anode 
(large,  moist  electrode)  is  placed  over  the  seat  of  pain,  and  the 
cathode  over  the  spine,  or  an  indifierent  point.  Strong  currents 
may  be  required  to  arrest  the  pain.  Central  and  subaural 
galvanization  are  sometimes  useful,  especially  in  gastralgia. 
Energetic  applications  of  faradism  by  means  of  the  dry  faradic 
brush  over  the  epigastrium  are  often  efi'ectual. 

The  treatment  should  be  persisted  in  during  the  intervals 
of  the  attacks.  Daily  sittings  of  ten  minutes'  duration,  using 
weak  currents  gradually  increased  and  decreased,  or  swelling 
faradization  may  be  employed. 

Nervous  Heart-burn  and  Nervous  Dyspepsia. — Most  prac- 
titioners now  recognize  a  form  of  dyspepsia,  not  dependent  upon 
structural  lesions  of  the  stomach,  or  tangible  dietetic  error. 
This,  whether  considered  merely  as  a  symptom  of  general 
neurasthenia,  or  as  an  individual  affection,  none  the  less  often 
requires  individual  treatment.  In  these  cases,  in  addition  to 
regimenal  measures,  electricity  is  often  of  great  service.     The 
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galvanic  current  employed  in  the  forms  of  central,  subaural,  and 
vertebro-epigastric  galvanization;  transverse  faradization  and 
faradic  baths,  or  static  electricity  in  the  forms  of  insulation  and 
static  breeze  are  all  indicated. 

Intestinal  "nervous  dyspepsia"  accompanied  by  flatulence, 
enteralgia,  frequent  diarrhoeas,  etc.,  should  be  treated  upon  the 
same  principles  and  by  similar  methods. 

Nervous  (Reflex)  Vomiting — Vomiting  of  Pregnancy. — In  this 
often  troublesome  symptom  the  application  of  electricity  will 
often  bring  about  a  prompt  cessation  of  the  vomiting.  The 
methods  are  galvanization  or  faradization  from  the  cervical  spine 
to  the  epigastrium.  Both  poles  of  the  faradic  battery  may  also 
be  placed  over  the  right  and  left  hypochondriac  regions,  and  the 
current  passed  from  side  to  side.  Mild  currents  from  the  cervix 
uteri  to  the  spine  have  also  been  used.  In  addition  to  these 
local  applications,  subaural  or  vagus  galvanization  may  be  used. 

Atony  and  Dilatation  of  tlie  Stomach. — In  the  treatment 
of  this  condition  von  Ziemssen  has  reported  most  encouraging 
results,  confirming  those  of  Onimus,  Neftel,  De  Watteville,  and 
others.  Large  electrodes  are  employed,  one  being  placed  over 
the  left  hypochondriac  region,  somewhat  posteriorly,  and  the 
other  in  the  epigastrium.  Strong  faradic  currents,  frequently 
interrupted,  or  galvano-faradization  should  be  employed.  Daily 
sittings  of  five  to  ten  minutes  are  recommended.  Other  measures 
for  the  relief  of  the  same  condition  (lavage,  dietetic  regulation) 
should  be  combined  with  the  electrical  treatment.  Galvanism, 
employed  in  the  same  way  as  faradism,  has  also  been  used  with 
success.  Some  practitioners  use  an  intra-gastric  electrode,  apply- 
ing the  other  over  the  region  of  the  stomach  externally,  but  it 
is  doubtful  whether  much  better  results  are  obtained  than  when 
the  percutaneous  method  is  employed.  If  the  internal  method 
is  employed,  the  stomach  should  first  be  filled  with  water  to 
promote  the  diffusion  of  the  current  and  prevent  too  intense 
irritation  of  the  portions  of  the  mucous  membrane  touched  by 
the  electrode. 
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Intestinal  Obstruction. — When  this  is  due  to  atony,  or  paral- 
ysis of  the  intestinal  walls,  electricity  is  the  rationally  indicated 
remedy.  Galvanization,  faradization,  or  galvano-faradization  may 
be  used.  The  usual  method  is  to  insert  one  electrode  into  the 
rectum  and  apply  the  other  labile  over  the  course  of  the  colon. 
The  faradic  current  is  usually  employed,  although  galvanization, 
with  voltaic  alternatives  has  also  given  successful  results.  When 
the  galvanic  current  is  used,  care  must  be  taken  to  prevent 
electrolytic  action  by  the  rectal  electrode.  Lead  colic  yields  to 
the  same  methods  of  application  of  electricity. 

In  intestinal  obstruction  following  invagination,  electricity 
has  likewise  been  used  with  marked  success.  Various  methods 
are  employed,  most  of  them  being  similar  to  those  mentioned  in 


Fig.  231.— Bottdet's  Intestinal  Electrode, 

the  preceding  paragraph.  Dr.  Boudet,  of  Paris,  has  devised  an 
intestinal  catheter-electrode,  which  has  been  used  with  success 
by  himself,  Eapin,  and  others.  It  is  shown  in  Fig.  234.  M  is 
an  insulated  catheter  with  an  exposed  tip,  S.  This  is  connected 
with  the  negative  pole  of  the  battery  by  means  of  a  contact 
screw  shown  at  G.  3^  is  a  rubber  tube  through  which  salt 
solution  can  be  injected  or  infused  into  the  intestine.  The  in- 
strument is  inserted  well  up  into  the  intestinal  canal,  and  about 
a  quart  of  warm  salt  water  forced  into  the  gut.  The  anode 
consists  of  a  large  electrode  about  five  inches  square,  which  is 
applied  to  the  back.  A  current  of  10  to  50  milliamperes  is 
used  from  five  to  ten  minutes.  The  current  may  be  reversed  or 
interrupted  at  intervals.  The  faradic  current  may  likewise  be 
used  by  this  method. 
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Habitual  Constipation. — This  troublesome  and  frequent  dis- 
order yields  in  many  cases  to  the  proper  employment  of  elec- 
tricity. The  methods  of  application  vary,  and  success  has  been 
obtained  with  all.  Both  electrodes  may  be  applied  to  the  ab- 
dominal walls  and  moved  about  in  a  way  to  make  the  current 
pass  through  the  abdominal  cavity  and  its  contents.  When  the 
galvanic  current  is  employed,  the  anode  may  be  applied  over  the 
spine,  and  the  cathode  moved  over  the  abdomen  along  the 
course  of  the  colon.  The  current  may  frequently  be  reversed 
or  interrupted.  In  obstinate  cases,  Erb  follows  the  galvanic  ap- 
plication with  faradization.  Both  currents  may  be  combined 
after  the  manner  of  De  Watteville.  The  apparatus  of  Boudet, 
shown  on  preceding  page,  may  also  be  used  in  constipation.  In 
most  cases  a  rectal  electrode,  combined  with  abdominal  faradi- 
zation, will  give  very  good  results.  The  sittings  should  be  re- 
peated daily.  Improvement  in  the  tone  of  the  intestinal  walls  is 
gradual,  but  rarely  fails  to  follow  the  proper  use  of  the  remedy. 

Prolapsus  Ani. — This  condition  has  been  repeatedly  treated 
with  success  by  the  various  methods  of  local  electrization.  Gal- 
vanic, or  faradic,  or  combined  currents  from  the  spine  or  abdo- 
men to  the  rectum,  or  from  the  sacrum  to  the  perinseum,  have 
proven  curative.  The  faradic  current  is  the  rationally  indicated 
one. 

Stricture  of  the  Rectum. — The  cure  of  stricture  of  the  rec- 
tum by  means  of  electrolysis  has  been  the  subject  of  consider- 
able discussion  among  surgeons.  A  number  of  cases  of  suc- 
cessful operation  has  been  reported  by  competent  observers,  and 
the  procedure  may  be  regarded  as  an  established  one  in  sur- 
gery. In  a  paper  read  before  the  American  Medical  Associa- 
tion in  1889,  Dr  Robert  Newman  reviews  the  whole  question, 
and  gives  a  history  of  all  reported  cases.  The  strictures  most 
amenable  to  electrolysis  are  the  infiltrated  ones  so  frequently 
the  result  of  late  syphihtic  lesions,  and  which  are  not  readily 
amenable  to  any  other  safe  method  of  treatment.  The  electro- 
lytic method  is  safe,  comparatively  painless,  and  infinitely  less 
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tedious   than  the  ordinary  method  of  dilatation  with  flexible 
bougies. 

In  treating  a  case  of  rectal  stricture  with  electrolysis,  the 
size  of  the  stricture  should  be  first  carefully  measured  by  means 
of  bulbous  sounds,  or,  in  default  of  a  better  instrument,  with 
Otis'  urethrameter.  Electrodes  of  proper  size  and  shape  (Fig. 
235)  should  be  procured,  and  at  the  first  sitting  one  a  few 
millimetres  larger  than  the  lumen  of  the  stricture  should  be 
employed.  The  electrode  should  be  attached  as  cathode,  placing 
the  anode  in  the  form  of  a  large  cotton-covered  plate  electrode 
upon  the  thigh  or  sacrum.  A  current  of  from  5  to  20  milliam- 
peres  may  be  employed,  and  the  sittings  last  from  five  to  ten 
minutes.  The  rectum  should  first  be  washed  out  with  an  anti- 
septic solution,  and  if  the  strictured  portion  is  very  sensitive  a 
solution  of  cocaine  may  be  thrown  in  before  beginning  the  sit- 
ting.    If  the  electrode  has  been  properly  selected  and  the  strict- 


FiG.  235.— Rectal  Electrode. 


ure  is  amenable  to  electrolytic  treatment,  the  sound  will  usually 
pass  the  strictured  portion  of  the  gut  within  five  minutes.  The 
patient  may  take  a  hot  sitz-bath  after  the  operation,  but  no  other 
application  need  be  made.  There  is  sometimes  some  irritation 
and  soreness  in  the  rectum,  particularly  if  the  stronger  currents 
have  been  employed.  Sittings  may  be  repeated  weekly  imless 
the  reaction  is  severe.  The  size  of  the  electrode  must  be  grad- 
ually increased  as  the  strictured  portion  of  the  gut  is  widened, 
but  patience  is  the  first  of  virtues  here,  for  if  attempts  are  made 
to  dilate  too  rapidly,  either  by  increasing  the  size  of  the  sounds, 
decreasing  the  intervals  between  sittings,  or  using  too  strong 
currents,  failure  or  disappointment  are  likely  to  result. 

HcBmorrhoids. — The  coagulating  property  of  the  positive 
pole  makes  the  electrolytic  current  a  valuable  means  of  treating 
haemorrhoids.     While  not  as  prompt  or  effective  as  the  clamp 
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and  cautery  method  of  ablation,  electrolysis  gives  much  more 
promise  of  success  than  the  various  methods  of  injection  of  coag- 
ulating or  irritant  substances,  such  as  carbolic  acid,  ergot,  iodine, 
tincture  of  chloride  of  iron,  etc.  The  positive  electrode,  armed 
with  a  needle,  should  be  used,  the  cathode  consisting  of  a  large, 
moist  plate-electrode  applied  to  the  buttock  or  sacrum.  The 
current  may  be  from  ten  to  twenty  milliamperes.  The  cathode 
is  first  applied  to  the  desired  surface,  and  fixed  in  position ;  then 
the  needle  is  inserted  in  one  of  the  tumors  and  the  current 
gradually  increased  to  the  desired  strength.  The  current  should 
be  allowed  to  pass  until  all  the  blood  in  the  hsemorrhoid  is  so- 
lidified, when  the  current  is  decreased  to  zero,  reversed,  and 
allowed  to  pass  for  a  minute  or  two  in  order  to  loosen  the 
needle.  Steel  needles  are  not  applicable,  those  made  of  gold 
or  platinum  being  the  best,  as  they  are  not  attacked  by  the  fluids 
around  the  positive  pole.  Each  separate  pile  should  be  thus 
attacked  and  its  contents  solidified.  This  need  not  be  done  at 
one  sitting,  but  may  be  divided  among  several  sittings  at  inter- 
vals of  a  week.  Swelling,  pain,  or  inflammation  may  be  com- 
bated by  hot-water  applications.  The  after-treatment  must  be 
conducted  on  general  antiseptic  principles. 

Portal  Congestion. — Galvano-faradization  of  the  right  hypo- 
chondriac region  gives  some  promise  of  success. 

Catarrhal  Jaundice. — When  the  trouble  is  obstinate,  faradi- 
zation of  the  gall-bladder,  or  rather  of  the  abdominal  wall  above 
the  gall-bladder,  may  be  useful.  Gerhardt  has  reported  a  case 
in  which  all  other  measures  tried  failed  to  relieve,  but  which 
yielded  to  abdominal  faradization.  The  explanation  given  is 
that  the  compression  of  the  gall-bladder  by  the  contracting 
abdominal  muscles  forced  a  way  for  the  bile  through  the  common 
duct. 

Enlargement  of  the  Spleen. — The  enlargement  of  the  spleen 
following  chronic  malarial  poisoning  and  typhoid  fever  yields 
in  the  happiest  manner  to  faradization.  The  methods  used  are 
either  percutaneous  faradization,  with  large,  moist  electrodes  over 
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the  splenic  region,  or  the  dry  faradic  brush  applied  to  the  ab- 
dominal walls.  In  the  latter  method  each  electrode  is  armed 
with  a  brush.  The  sittings  are  repeated  daily  and  last  about 
three  minutes.  The  decrease  in  size  of  the  splenic  tumor  is 
measurable  by  percussion,  and  is  said  to  be  permanent.  Chvos- 
tek  and  Lewandowski  report  success  in  from  75  to  80  per  cent, 
of  the  cases  treated. 

Ascites. — Abdominal  dropsy  from  whatever  cause  may  often 
be  temporarily  caused  to  disappear  by  electricity.  Most  ob- 
servers who  have  treated  ascites  by  this  agent  have  employed 
the  faradic  current.  The  secretion  of  urine  is  increased  and  the 
dropsy  rapidly  disappears.  Where  the  effusion  is  due  to  struc- 
tural diseases  of  the  hver,  heart,  or  kidneys,  permanency  of  the 
effect  cannot,  of  course,  be  expected.  The  galvanic  current 
should  a  priori  offer  even  better  results. 

Diabetes  Mel/itus  and  Insipidus. — Several  cases  have  been 
reported  in  which  beneficial  effects  have  followed  the  applica- 
tion of  electricity  in  these  diseases.  Neftel,  Beard,  and  Le  Fort 
have  seen  marked  improvement  in  diabetes  mellitus,  following 
subaural  and  spinal  galvanization.  Central  galvanization  would 
seem  rationally  indicated.  Ranney  has  seen  improvement  follow 
static  insulation  in  similar  cases. 

In  diabetes  insipidus  successful  cases  are  reported  in  con- 
siderable number.  Galvanization  and  faradization  of  the  renal 
region  has  been  used  with  success.  Erb  advises  central  and 
subaural  galvanization  and  general  faradization,  in  addition  to 
the  local  application  of  the  current. 

DISEASES   OF   THE   FEMALE   GENERATIVE   APPARATUS. 

At  the  present  time  the  use  of  electricity  in  the  diseases  of 
women  is  one  of  the  great  medical  questions  of  the  day.  Al- 
though this  agent  has  been  employed  for  many  years  in  the 
treatment  of  female  sexual  disorders  and  in  obstetrics,  it  is 
mainly  due  to  the  labors  of  Dr.  George  Apostoli,  of  Paris,  that 
the  question  has  assumed   its   present   commanding  position. 
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While  Tripier,  Altliaus,  Cutter,  Neftel,  Dixon  Mann,  Beard,  and 
Rockwell  preceded  Apostoli,  and  "  blazed  the  way,"  as  it  were, 
the  latter  is  regarded,  and  with  justice,  as  the  creator  of  the  art 
of  scientifically  applying-  electricity  in  diseases  of  the  female 
pelvic  viscera. 

The  remarkable  results  reported  by  Apostoli  as  having  fol- 
lowed the  use  of  strong  galvanic  currents  (100  to  250  ma.)  in 
uterine  fibroids  were  at  first  received  with  incredulity  by  gynae- 
cologists. However,  the  adhesion  of  Sir  Spencer  Wells  and  Dr. 
Thomas  Keith,  unquestionably  the  foremost  gynsecological  sur- 
geons living,  to  Apostoli's  views  and  methods  of  treatment  have 
placed  the  latter  upon  a  plane  where  they  demand  the  attention 
of  all  progressive  practitioners. 

And  this  attention  is  not  withheld.  In  the  United  States 
and  Great  Britain  the  gynaecologists  seem  to  be  divided  into  two 
hostile  forces,  one  having  faith  in  the  power  of  the  electric  cur- 
rent to  correct  many  of  the  morbid  conditions  of  the  female 
sexual  organs,  while  the  other  denies  all  virtue  to  this  remedy, 
or  allows  it  standing  merely  in  the  relief  of  certain  "  functional  " 
difficulties.  It  is  worthy  of  remark,  however,  that  in  general 
the  adherents  of  the  electrical  treatment  are  those  who  have 
studied  and  made  personal  trial  of  it,  while  its  opponents  and 
contemners  are  men  who  have  never  investigated  it  fairly,  or 
who  consider  it  beneath  the  dignity  of  a  "  surgeon  "  to  meddle 
with  such  gewgaws  as  batteries,  electrodes,  and  milliampere- 
meters.  The  intelligent  and  thinking  reader  will  be  able  to  de- 
termine without  difficulty  which  of  these  two  classes  is  entitled 
to  the  greater  credit. 

The  electrical  current  is  used  in  one  or  other  of  its  forms 
in  most  of  the  diseases  peculiar  to  women.  In  some  affections 
it  is  still  employed  empirically,  as  it  is  in  the  diseases  of  the 
nervous  system  and  other  organs.  In  some,  however,  the  indi- 
cations have  been  rationally  formulated,  and  precise  directions 
for  the  kind  of  current  and  manner  of  application  have  been 
laid  down. 
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Amenorrh(sa. — As  is  well  known,  this  may  be  due  to  en- 
tire absence,  defective  development,  or  temporary  pathological 
condition  of  the  organs  necessary  to  the  production  and  excre- 
tion of  the  menses.  In  the  first  case  electrical  treatment  will 
be  of  as  little  avail  as  any  other  method,  but  in  the  second  and 
third  much  benefit  may  be  expected  from  the  proper  employment 
of  electricity.  Both  galvanic  and  faradic  currents  are  useful, 
and  static  electricity  has  been  employed  with  success. 

The  methods  of  application  are,  for  the  faradic  current, 
general  faradization,  dorso-abdominal  faradization,  and  the  dry 
brush  to  the  abdominal  walls,  the  insides  of  the  thighs,  or  the 
soles  of  the  feet. 

When  galvanism  is  used,  central  and  subaural  galvaniza- 
tion, galvanization  of  the  spine,  currents  from  the  lumbar  region 
to  the  pubis,  and  intra-uterine  negative  galvanization  are  the 
methods  employed. 

Although  it  is  probably  more  effective  to  apply  the  elec- 
tricity to  the  uterus,  either  directly  or  through  the  abdominal 
walls,  electro-therapeutists  generally  agree  that  electricity  applied 
to  a  distant  part  of  the  body  increases  the  menstrual  flow,  or 
may  stimulate  it  when  it  has  been  arrested.  Hence,  central  and 
subaural  galvanization  are  often  all  that  is  required  to  restore 
the  menstrual  function,  if  the  arrest  is  not  due  to  a  physiological 
cause  (pregnancy). 

Dysmenorrhcea. — The  books  describe  four  or  five  difierent 
classes  of  dysmenorrhcea.  The  electrical  treatment  is  more  or 
less  efiective  in  all,  but  modifications  in  the  methods  of  appli- 
cation are  necessary  to  secure  the  best  results.  It  will  be  ad- 
visable to  consider  the  different  kinds  of  the  affection  separately. 

Obstructive  Dysmenorrhoea. — When  this  is  due  to  stenosis 
of  the  cervix,  the  galvanic  current,  with  the  cathode  in  the 
cervix,  is  indicated.  A  large,  well-moistened  electrode  (about 
fifty  square  inches)  is  applied  as  anode  over  the  abdomen. 
The  current  strength  employed  may  vary  from  10  to  30  milli- 
amperes.    Sittings  should  last  ten  minutes,  or  until  the  electrode 
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passes  the  constriction.     The  electrode  is  an  insulated  sound, 
shown  in  Fig.  236,  and  fitted  with  tips  of  different  sizes. 

Sittings  should  begin  about  a  week  after  the  menstrual 
period,  and  be  repeated  once  or  twice  a  week  until  a  patulous 
canal  is  secured.  Occasional  sittings  should  be  had  in  the 
intervals  between  successive  periods  m  order  to  maintain  the 
patency  of  the  cervix. 


Fig.  236.— De.  Fry's  Intra-xjterinb  Electrode  for  Stenosis. 

Dr.  T.  A.  Ashby,  of  Baltimore,  claims  that  the  anode  used 
in  a  similar  manner  gives  equally  good  results.  The  general 
opinion  among  gyneecologists  who  have  tried  electrolysis  for 
cervical  stenosis  is  that  it  is  far  superior  in  its  action  to  forcible 
dilatation  with  tents  or  steel  dilators,  or  discission  of  the  os. 

Acute  flexion  of  the  uterus  is  also  often  a  cause  of  obstruct- 
ive dysmenorrhoea.  In  these  cases  electricity  is  used  in  the 
same  manner  as  for  stenosis.  The  uterus  is  gradually  straight- 
ened out,  and  if  the  treatment  is  continued  sufficiently  long  the 
weakened  segment  of  the  uterus  at  the  point  of  flexion  seems 
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Fig.  237.— Apostoli's  Bipolar  Intra-ttterine  Electrode  for  Faradic  Current. 

to  become  strengthened,  and  the  normal  position  of  the  organ 
is  maintained  without  other  support.  Massey  *  reports  a  case 
of  sharp  anteflexion  cured  after  four  sittings.  The  positive  pole 
was  used  in  the  uterus,  and  strong  currents  (35  to  80  milliam- 
peres)  applied  for  two  to  three  minutes. 

Apostoli  uses  in  the  same  condition  faradization  with  a  bi- 
polar electrode.     The  current  of  the  secondary  spiral  ("  current 

*  Electricity  in  the  Diseases  of  Women,  p.  181.    Philadelphia,  1889. 
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of  tension  ")  is  employed  by  him.  By  the  use  of  this  electrode 
(Fig.  237)  Apostoli  claims  that  the  current  is  not  dispersed,  but 
limited  to  the  uterus  and  surrounding  tissues,  just  where  its 
effects  are  desired.  As  this  faradic  current  has  no  electrolytic 
or  cauterizing  action  its  strength  is  entirely  regulated  by  the 
sensations  of  the  patient.  Sittings  of  from  five  to  twenty  minutes 
are  proper.  Lumbo-abdominal  faradization  has  also  been  suc- 
cessfully employed. 

Congestive  Dysmenorrlioea. — In  this  form  of  painful  men- 
struation the  faradic  current,  either  intra-uterine  (Apostoli's 
method),  or  from  the  lumbar  spine  to  the  cervix,  or  dry  faradic 
brush  over  the  abdomen,  or  galvanism  from  the  cervix  to  the 
abdomen  or  spine  may  be  used.  Anode  to  cervix,  cathode  ex- 
ternally. When  galvanization  is  employed,  weak  currents  and 
short  sittings  daily  should  be  the  rule. 


Fia.  238.— Apostoli's  Bipolak  Vaginal  Electrode  for  Faradic  Current. 

Ovarian  or  Nervous  Dysmenorrlioea. — In  the  cases  where 
the  pain  is  particularly  localized  in  the  ovarian  region,  and  is 
unaccompanied  by  febrile  disturbance  or  other  evidence  of  in- 
flammation, the  faradic  current,  according  to  the  method  of 
Apostoli,  either  intra-uterine  or  vaginal,  may  usually  be  relied 
on.  Where  the  intra-uterine  electrode  cannot  for  any  reason  be 
employed,  a  similar  bipolar  vaginal  electrode  (Fig.  238)  is  used. 

The  anode  treatment  of  painful  ovaries  or  local  static  elec- 
trization in  the  form  of  sparks  may  also  be  employed.  The  gal- 
vanic current  may  be  localized  in  the  neighborhood  of  the  ovaries 
by  using  Munde's  ovarain  ball-electrode.  The  current  may  also 
be  used  externally  to  both  ovarian  regions  by  using  Murray's 
double  ovarian  electrode  (Fig.  239). 

Membranous  Dysmenorrlioea. — This  may  be  regarded  as  one 
form  of  obstructive   dysmenorrhoea,   but   the   treatment   most 
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applicable  is  active  intra-uterine   "chemical  cauterization,"  as 
advised  by  Apostoli  for  endometritis.* 

Non-periodic  or  constant  pains,  referred  to  the  pelvic  vis- 
cera, and  dependent  either  upon  inflammatory,  congestive,  or 
neurotic  conditions,  uterine  or  ovarian  displacements,  often  yield 
in  the  happiest  manner  to  galvanism — anode  to  painful  points, 
cathode  external — or  to  faradization  according  to  Apostoli.  This 
writer  regards  even  acute  perimetric  inflammations  as  not  contra- 
indicating  the  employment  of  the  faradic  current.  In  the  acute 
stages  the  bipolar  vaginal  electrode  should  be  used ;  when  the 
inflammation  has  somewhat  subsided  the  intra-uterine  current 


Fig.  239.— Murray's  Ovarian  Electrodb. 


should  be  brought  into  requisition.  The  measure  of  the  strength 
of  the  faradic  current  used  should  be  the  sensation  of  the  pa- 
tient. The  sittings  may  continue  from  five  to  twenty  minutes, 
or  until  the  patient  expresses  some  sense  of  relief  from  pain. 
Sittings  should  be  daily  or  twice  a  day. 

Endometritis. — In  this  affection,  likewise,  Apostoli  has 
made  a  distinct  advance  by  his  method  of  using  strong  electro- 
lytic, or,  as  he  terms  them,  chemical  galvano-caustic  currents. 
In  cases  attended  by  much  haemorrhage  or  other  discharge,  he 
uses  the  positive  pole  in  the  uterus  and  the  negative  to  the  ab- 
domen.    In  other  cases  the  poles  are  reversed.     This  method  is 

*  See  infra. 
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based  upon  the  well-known  fact,  before  referred  to,  that  the 
positive  pole  of  the  galvanic  current  arrests  haemorrhage ;  hence, 
Apostoli  calls  it  the  haemostatic  pole. 

As  an  intra-uterine  electrode  he  employs  a  sound  insulated 
to  near  the  pomt  by  means  of  a  celluloid  cannula,  which  is 


Fig.  240.— GoEiiET's  Intea-ttterine  Electrodes. 

pushed  over  the  sound.  The  exposed  portion  of  the  sound 
must  be  of  platinum  or  gold,  in  order  to  resist  the  action  of  the 
fluids  when  used  as  the  positive  pole.  Dr.  A.  H.  Goelet  has 
recently  described  a  uterine  electrode  made  of  steel,  treated  by 
a  peculiar  process,  which  is  said  to  render  it  non-corrosive. 
This  electrode  with  interchangeable  tips  is  shown  in  Fig.  2-40. 
It  can  be  used  either  as  cathode  or  anode,  and  is  much  cheaper 
than  a  platinum  or  gold  sound,  and  more  durable  than  gold  or 
aluminium. 

The  external  electrode  employed  by  Apostoli  is  a  large, 
soft  plate  of  clay,  which  is  applied  over  the  abdomen  and  con- 


FiG.  241.— Apostoli' s  Abdominal  Clay  Electrode,  with  Contact-Plate  and 
Zinc  Tray  for  Keeping  the  Clay  Moist. 

nected  as  anode  or  cathode,  accordingly  as  the  negative  or  posi- 
tive pole  is  in  the  uterine  cavity.  This  electrode  is  made  large 
and  applied  snugly  to  the  surface  of  the  abdomen,  in  order  to 
thoroughly  diffuse  the  current  as  it  passes  through  the  skin,  and 
prevent  any  destructive  effects  at  that  point.    The  clay  electrode 
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of  Apostoli  (Fig.  241)  is  somewhat  awkward  to  handle,  and 
various  modifications  of  it  have  been  suggested  or  employed. 

Fig.  242  shows  Goelet's  clay  electrode,  which  is  more  cleanly 
and  less  inconvenient  to  handle.     The  clay  is  first  worked  to  the 


Fig.  242.— Goelet's  Clay  Electrode. 


consistence  of  putty,  then  rolled  out  into  a  flat  cake  and 
enveloped  in  a  layer  of  absorbent  cotton,  covered  with  linen 
crash.  A  back  of  soft  rubber  is  applied,  by  means  of  which 
it  can  be  handled,  and  the  patient's  clothing  kept  dry.  The 
metal  contact-plate  is  pressed  into  the  clay  under  the  cotton. 
By  means  of  a  binding-post  attached  to  this  plate  the  electrode 
is  connected  with  the  connecting  cords. 

Another  abdominal  electrode  for  use  in  the  Apostoli  treat- 
ment is  one  devised  by  Dr.  Franklin  H.  Martin,  of  Chicago,  and 


Fig.  243.— Martin's  Abdominal  Electrode. 

made  by  the  Mcintosh  Faradic  and  Battery  Company  (Fig.  243). 
It  consists  of  a  nickel-plated  concave  plate,  covered  with  a  mem- 
brane and  having  an  insulated  rim  to  prevent  contact  between 
the  metal  surface  and  the  skin.     When  used,  about  a  pint  of 
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warm  water  is  poured  into  the  receptacle  formed  by  the  concave 
plate  and  the  membrane,  through  the  nozzle  shown  in  the  figure. 
The  membrane  allows  the  transudation  of  sufficient  liquid  to 
keep  it  moist,  and,  as  nothing  but  water  is  used,  the  apparatus 
is  exceedingly  cleanly.  Dr.  Martin  claims  that  a  very  powerful 
current  can  be  used  with  this  electrode  without  producing  any 
pain  or  destructive  effects  upon  the  skin. 

The  strength  of  current  employed  by  Apostoli  and  other 
gynsecologists  who  have  adopted  his  procedure  is  from  100  to 
250  milhamperes.  The  duration  of  the  sitting  is  from  three 
to  ten  minutes.  After  the  application  there  is  often  a  sanguin- 
eous discharge  from  the  uterus  for  several  days,  but  there 
is  rarely  much  febrile  reaction  if  antiseptic  precautions  have 
been  observed.  The  applications  may  be  repeated  once  every 
week  or  ten  days.  The  number  of  sittings  required  for  the 
cure  of  the  affection  varies  from  three  to  thirty,  according  to 
the  chronicity  of  the  case. 

Menorrhagia  and  Metrorrhagia. — These  conditions  or  symp- 
toms are  frequently  dependent  upon  endometritis,  fibroid  tu- 
mors, subinvolution,  periuterine  inflammations,  or  malignant 
growths  of  the  uterus.  In  the  first  three  the  intra-uterine  elec- 
trolytic method,  above  described,  is  usually  beneficial.  The 
positive  pole  arrests  the  haemorrhage.  When  due  to  periuterine 
inflammations,  or  merely  to  a  relaxed  condition  of  the  uterine 
tissues,  faradization  is  indicated.  In  some  forms  of  malignant 
disease  of  the  uterus  electrolysis  may  be  taken  advantage  of  as 
a  haemostatic,  as  well  as  for  its  trophic  effects. 

Inflammation  of  the  Uterine  and  Periuterine  Tissues  and 
Uterine  Appendages  (Metritis,  Peri-  and  Para-  metritis,  Salpin- 
gitis, Salpingo-ovaritis). — Apostoli  uses  the  faradic  current  in 
this  class  of  inflammatory  affections.  No  stage  of  the  inflam- 
mation, even  the  most  acute,  contra-indicates  the  employment 
of  the  current.  During  the  acute  stage  the  bipolar  vaginal 
electrode  (Fig.  238)  is  used,  being  applied  against  the  area  of 
severest  local  pain. 
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After  the  acute  symptoms  have  subsided  the  hitra-uterine 
bipolar  electrode  (Fig.  237)  is  substituted.  The  sittings  last  from 
five  to  twenty  minutes,  and  should  not  be  terminated  until  the 
patient  declares  of  her  own  volition  that  the  pain  is  diminished. 
Strict  antiseptic  measures  should  be  carried  out  before,  during, 
and  after  the  applications.  The  sittings  may  be  repeated  daily, 
or  twice  a  day  when  the  pain  is  severe. 

After  the  pain  has  been  for  the  most  part  relieved, — that  is, 
when  the  case  may  be  said  to  be  in  the  chronic  stage, — the  gal- 
vanic current  is  substituted,  using  the  positive  pole  in  the  uterus. 
The  intra-uterine  electrode  of  Apostoli,  Fry,  or  Goelet  may  be 
used.  Externally,  the  dispersion  electrode  for  large  currents 
(Apostoli's,  Goelet's,  or  Martin's)  may  be  applied.  At  first 
mild  currents,  10  to   30  milliamperes,  and  sittings  of  two  to 


Fig.  244.— Goelet's  Uterine  Pxjnctttke  Needle. 

three  minutes'  duration  twice  a  week  should  be  employed. 
The  strength  of  the  applications  and  duration  of  the  sittings 
may  gradually  be  increased. 

When  the  inflammatory  symptoms  have  subsided  entirely, 
and  the  exudation,  serum,  pus,  or  plastic  material  alone  remains, 
the  next  step  of  the  procedure  arrives,  namely,  galvano-puncture. 
This  is  made  from  the  vagina  after  an  antiseptic  irrigation,  en- 
deavoring to  strike  the  tumor  at  its  most  depending  part  in  order 
to  secure  free  drainage.  The  platinum  needle-electrode  of 
Apostoli  with  a  celluloid  cannula  as  insulating  guard,  or  a 
modification  of  the  same  by  Dr.  Goelet  (Fig.  244),  which  is 
much  cheaper,  may  be  used.  The  insulating  cover,  B,  is  movable, 
and  may  be  fixed  at  any  position  by  the  set-screw,  G.  In  this 
way  the  depth  to  which  the  spear  shall  penetrate  can  be  defi- 
nitely fixed  before  the  puncture  is  made.  Goelet  prefers  to  use 
a  speculum  to  make  the  puncture,  but  Apostoli  and  other  prac- 
titioners think  this  unnecessary.     The  puncture  is  made  about 
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a  quarter  of  an  inch  in  depth,  and  the  posterior  cul-de-sac  is  the 
point  of  election. 

In  his  latest  paper  npon  this  subject,  Apostoli  gives*  a 
careful  review  of  his  experience  for  the  last  seven  years  and  full 
statement  of  his  method  of  application.  His  conclusions  are  as 
follow : — 

"1.  Faradization,  under  the  form  of  a  current  of  tension, 
made  by  the  long,  thin  wire,  calms  the  nervous  system,  moder- 
ates its  excitability,  assuages  or  cures  pain,  but  is  often  powerless 
to  arrest  an  acute  phlegmasia ;  its  action  is  purely  dynamic,  and 
it  acts,  as  opium  acts,  during  early  inflammatory  stages,  but  is 
powerless  to  arrest  the  evolution  of  inflammatory  processes.  The 
current  (faradic)  of  tension  is  the  only  one  tolerable,  and  indi- 
cated in  acute  and  subacute  forms.  A  current  of  quantity  is 
less  eflicacious  and  less  tolerable,  except  in  rare  cases  of  chronic 
exudates,  where,  in  acting  upon  the  interstitial  circulation,  it 
aids  re-absorption  to  a  certain  extent.  The  electrode  should 
generally  be  the  bipolar,  to  better  localize  the  electric  action, 
either  in  the  vagina  or  in  the  uterus.  All  other  things  being 
equal,  the  uterine  application  is  by  far  the  most  useful.  The 
application  should  be  in  moderate  doses  without  shock,  and 
more  gentle  as  the  inflammation  is  more  active.  The  seances 
should  be  daily  at  first,  lasting  from  five  to  twenty  minutes,  and 
the  dose  progressively  augmented  as  the  patient  can  bear  it. 

"2.  Galvanization,  or,  rather,  intra-uterine  chemical  caus- 
tique,  is  much  more  powerful  than  faradization,  and  will  often  be 
sufficient  of  itself  in  cases  of  ovaro-salpingitis.  It  is  a  most 
excellent  way  of  changing  in  part  or  in  whole  the  entire  lining 
membrane  of  the  uterus,  and  of  setting  up  peripheric  changes 
by  derivation.  The  faradic  current  excites  the  nervous  and 
muscular  systems  after  the  manner  of  a  mechanical  force,  by 
interruptions  and  shocks.  The  galvanic  current,  however,  is  a 
physical  and  chemical  force,  at  once  caloric  and  trophic,  and 
brings  each  of  its  factors  into  action  separately  or  together,  as 

*  The  Treatment  of  Salpingo-Ovaritis  by  Electricity.    Journ,  Am.  Med.  Ass'n,  July  27, 1889. 
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desired.  All  binary  compounds  and  those  of  greater  complica- 
tion will  tend  to  decomposition,  and  this  decomposition,  called 
electrolysis,  will  be  in  proportion  to  the  electric  energy  given 
out,  and  to  the  length  of  time  of  the  application.  This  inter- 
stitial breaking  up  of  the  elements,  which  will  be  preceded  by  a 
different  orientation  in  the  polarization  of  the  organic  molecules, 
tends,  on  the  one  hand,  to  bring  around  the  positive  pole  the 
acids  and  oxygen,  while  the  bases  and  nitrogen  go  to  the  negative 
pole.  Applied  in  a  given  region  the  galvanic  current  acts  locally 
and  generally;  each  pole  has  its  undivided  caustic  action — the 
one  acid,  the  other  basic.  The  current  is  felt  in  the  interpolar 
zone,  engendering  trophic  changes,  and  tending  to  the  resolution 
of  certain  pathological  conditions. 

"The  doctor  of  to-day  who  has  not  kept  apace  with  the 
advance  of  gynaecological  science  lauds  to  his  utmost  the  curette, 
which  first  saw  the  light  in  France,  but  has  long  since  fallen 
into  desuetude  in  the  land  that  originated  it.  Without  wishing 
to  discredit  a  surgical  procedure  of  value  in  certain  conditions, 
the  superior  advantages  of  the  intra-uterine  galvanic  current  are 
beyond  dispute. 

"(a)  It  is  simple  and  easy  of  application,  requiring  no 
assistant,  and  may  be  used  by  any  one,  no  matter  how  little 
experience  he  has  in  gynaecology. 

"(?>)  Being  but  slightly  painful,  chloroform  is  not  needed, 
this  being  only  demanded  in  certain  cases  of  puncture. 

"(c)  It  is  valuable  among  working- women,  as  a  short 
period  of  repose  alone  is  necessary  after  the  application,  instead 
of  hours  and  perhaps  days  in  bed. 

"  (d)  It  can  be  gradually  and  gently  applied  by  progress- 
ively increasing  the  strength,  and  is  less  brutal  than  the  curette. 

"  (e)  It  is  not  contra-indicated  in  any  acute  case  of  inflam- 
mation, the  sole  caution  being  to  use  extra  care,  and  to  increase 
the  strength  only  as  the  patient  is  able  to  bear  it. 

"(/)  It  is  an  agent  which,  instead  of  being  blind,  obeys 
in  a  precise  and  mathematical  manner  the  hand  applying  it; 
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that  is  to  say,  one  can  measure  and  administer  it,  and  at  the 
same  time  have  an  exact  record  of  the  amount  of  cauterization 
produced,  to  which  three  things  conduce:  the  general  intensity 
made  use  of,  the  density  of  the  active  electrode,  and  the  duration 
of  the  application. 

"(^)  It  is  an  active  force,  which  will  produce  an  active 
result  localizable  at  will,  and  which  may  be  concentrated  upon 
any  part  of  the  uterine  lining-membrane  desired. 

"(7i)  It  is  absolutely  harmless  if  proper  antiseptic  or 
aseptic  precautions  are  made  use  of. 

"(^)  According  to  the  intensity  and  duration  its  action 
can  be  varied,  and  also  according  to  the  active  pole  made  use 
of;  it  may  be  made  acid  by  using  the  positive  pole  and  basic  by 
using  the  negative  pole. 

"(j)  Apart  from  the  curetting  action  of  the  chemical  gal- 
vanism, which  one  can  easily  see,  there  is  a  more  profound  action, 
trophic  and  vital,  and  which  is  propagated  along  the  whole 
organic  circuit  between  the  two  poles.  Thanks  to  this  last  con- 
sideration, above  all  in  the  treatment  of  salpingo-ovaritis,  this 
chemical  galvanism  has  a  power  far  above  surgical  curetting, 
chiefly  in  reaching  the  uterine  parenchyma  and  adnexa. 

"(7^)  If  surgical  r adage  often  results  in  frequent  returns 
of  the  disease,  causing  anatomical  and  functional  troubles  which 
it  hoped  to  combat,  I  can  affirm  that  these  results  are  much  less 
frequent  by  the  electrolytic  treatment,  which  may  require  several 
seances  to  produce  a  lasting  effect,  but  which  good  results,  as  I 
have  had  reason  to  observe  in  my  clinic,  last  for  many  years  after 
the  cessation  of  all  treatment. 

"  The  operative  technique  is  already  sufficiently  well  ex- 
plained in  my  various  brochures  upon  the  electric  treatment  of 
fibroma  and  endometritis.  I  shall  content  myself  with  giving 
you  merely  the  salient  features  of  the  treatment  of  ovaro-salpin- 
gitis.  The  positive  pole  always  causes  less  congestion  than  the 
negative,  but  the  latter  is  more  valuable  to  promote  resolution. 
The  positive  pole  should  be  used  generally  in  the  commence- 
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meiit,  and,  once  having  passed  the  first  stage  of  toleration,  the 
negative  pole  should  be  substituted.  The  dominant  preoccupa- 
tion which  should  make  us  cautious  in  treating  salpingo-ovaritis, 
and  which  is  sometimes  difficult  of  recognition,  is  the  fear  of 
finding  ourselves  in  the  presence  of  a  pyosalpinx,  which  a  large 
dose  of  galvanism  would  aggravate;  so,  when  in  doubt,  begin 
very  gently  with  a  mild  current  to  test  the  susceptibility  of  the 
uterus  and  periuterine  tissues,  then  increase  with  the  patient's 
tolerance  and  according  to  clinical  indications.  One  may  begin 
with  20  to  40  milliamperes.  If  the  intolerance  is  great,  respect 
it  and  do  not  increase;  if  well  tolerated,  increase  from  100  to  150 
milliamperes.  Here  clinical  diagnosis  must  be  called  in  to 
differentiate  between  hysterical  intolerance  that  need  not  be 
heeded  and  an  inflammatory  intolerance  which  must  be  re- 
spected. The  sittings  should  not  be  too  frequent.  In  the  initial 
treatments  they  are  frequently  followed  with  a  reaction  more  or 
less  intense,  which  may  last  several  days;  generally  we  should 
wait  until  calm  is  re-established.  Sometimes  the  seances  may  be 
given  once  or  twice  a  week,  sometimes  only  every  fifteen  days. 
The  same  reasons  must  guide  the  doctor  as  to  the  length  of  a 
seance ;  sometimes  they  should  last  three  minutes,  and  some- 
times five  to  eight  minutes. 

"  3.  I  now  come  to  the  third  division,  the  most  efficacious 
of  all,  the  penetration  with  the  galvanic  current  of  one  of  the 
vaginal  cul-de-sacs  at  the  nearest  point  of  the  inflamed  region. 
I  mean  vaginal  galvano-ptmcture.  There  are  two  clinical  indi- 
cations, the  one  of  clioice^  the  other  of  necessity.  The  indica- 
tion of  choice  presents  itself  when  one  finds  himself  in  presence 
of  a  salpingo-ovaritis  which  has  not  been  sufficiently  ameliorated 
by  the  intra-uterine  galvanism.  It  is  necessary  then  to  penetrate 
the  mass  in  the  point  the  nearest  possible  to  the  diseased  spot, 
in  order  to  lose  nothing  of  electric  force,  which  now  should 
seriously  concern  itself  with  the  suffering  point.  Theoretically 
the  application,  well  made,  should  be  most  efficacious,  and  no 
doubt  rests  in  my  mind  that  such  is  the  case,  for  the  reply  of 
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all  the  patients  who  have  submitted  to  this  plan  is  that  the 
punctures  were  much  more  painful  but  much  more  efficacious, 
because  often  one  puncture  gives  more  relief  than  many  simple 
intra-uterine  applications.  The  indication  of  necessity  for  gal- 
vano-puncture  is  when  a  fluctuating  tumor  impinges  upon  the 
vagina,  and  which  should  be  drained  antiseptically  through  the 
vagina. 

"Already  many  years  ago  I  gave  the  rules  for  the  essentials 
of  galvano-puncture.     I  will  only  now  cite  the  chief  points: — 

"(«)  Here,  as  in  all  electrical  treatment,  be  it  faradic  or 
galvanic,  one  should  precede  everything  with  thorough  antisep- 
sis, preceding  and  following  every  operation  with  an  antiseptic 
vaginal  irrigation,  either  of  sublimate,  carbolic  acid,  creoline,  or 
naphthol.  Between  the  seances  we  shall  do  well  to  close  the 
vaginal  cavity  with  iodoform  gauze  (or  sublimate  or  salol  gauze), 
to  insure  perfect  asepsis,  as  well  as  to  prevent  sexual  congress, 
which  should  be  suspended. 

"(&)  With  the  preceding  electrical  treatment  it  is  not 
necessary  to  remain  in  bed.  I  exact  from  my  patients  only  one 
or  two  hours  of  repose  after  galvano-caustique,  without  denying, 
however,  that  a  longer  period  might  be  beneficial.  Galvano- 
puncture,  however,  requires  at  least  three  days  of  rest  in  bed 
after  each  puncture. 

"(c)  The  trocar  carrying  the  current  should  be  the 
smallest  possible,  but  of  sufficient  resistance  not  to  be  easily 
broken.     Steel  is  the  best,  because  it  penetrates  easily. 

"(cZ)  The  chief  point  is  the  depth  of  the  puncture.  A 
slight  puncture  of  a  haJf -centimetre^  as  an  average,  suffices  to 
make  a  door  of  entrance  for  the  current  in  the  region  which  it 
is  to  traverse.  Deeper  punctures  do  not  suffice  any  better  to 
attain  such  an  end ;  on  the  contrary,  as  T  have  seen,  they  may 
be  dangerous.     I  proscribe  all  punctures  over  one  centimetre. 

"(e)  Where  make  the  punctured  Questions  of  choice 
and  necessity  here  come  up.  The  choice  is  to  puncture  as  near 
as  possible  the  diseased  portion,  but  necessity  forces  us  to  avoid 
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at  all  cost  tlie  anterior  cul-de-sac  on  account  of  the  bladder. 
The  lateral,  and,  above  all,  the  posterior  regions  are  the  most 
favorable  for  the  puncture.  I  make  them  oftenest  in  the  pos- 
terior cul-de-sac^  in  the  middle  of  the  pouch  of  Douglas,  direct- 
ing the  axis  of  the  instrument  toward  the  uterus  in  order  to 
avoid  the  rectum. 

"(/)  This  operation,  much  more  painful  than  galvano- 
caustique,  is  often  tolerated  by  certain  women,  but  in  others 
chloroform  will  be  required. 

"(^)  I  never  use  a  specidum  in  this  operation,  which  can 
only  be  well  and  delicately  carried  out  as  follows:  One  fixes  at 
first  the  exact  length  of  the  puncture,  by  turning  the  screw  and 
advancing  the  steel  point  to  the  required  length  beyond  the 
celluloid;  then,  having  fixed  with  the  index  finger  the  exact 
point  to  be  punctured,  and  having  made  sure  that  there  is  no 
arterial  pulsation,  one  shdes  the  celluloid  up  to  the  point,  which 
serves  as  the  conductor  for  the  trocar,  which  is  then  plunged  in. 

"(A)  The  number  of  punctures  demanded  is  variable. 
Some  cases  of  hydro-  and  catarrhal  salpingitis  yield  to  one 
puncture,  some  require  three  or  four,  and  tubercular  tubes  even 
more. 

"  Generally  these  cases  require  much  longer  periods  of  in- 
termediate repose  than  cases  of  galvano-caustique,  because  at 
their  commencement  they  are  often  followed  by  a  severe  re- 
action, which  may  last  many  days.  The  application  should  not 
be  renewed  until  all  the  symptoms  have  disappeared. 

"  {i)  As  to  intensity  and  choice  of  poles  I  repeat  what  I 
said  just  now  when  speaking  of  intra-uterine  galvanization. 
The  intensity  will  vary  from  20  to  50  milliamperes.  To  go 
beyond  this  is  to  go  beyond  the  point  of  tolerance,  and  chloro- 
form should  be  used.  To  create  a  temporary  vaginal  fistula 
100  to  250  milliamperes  will  be  required. 

"(j)  The  puncture  should  generally  be  positive  at  first, 
because  it  is  more  tolerable  and  less  exciting  than  the  negative. 
This  latter  is  employed  when  a  more  powerful  action  is  de- 
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manded.  Especially  in  presence  of  a  fluctuating  tumor  point- 
ing into  the  vagina,  in  which  a  fistulous  tract  is  to  be  made  and 
vaginal  drainage  established,  is  the  negative  pole  demanded. 

"  (Jc)  Should  febrile  excitement  arise  all  treatment  is  to  be 
suspended.  One  may  think  himself  in  the  presence  of  pyosal- 
pinx  if  it  points  into  the  vagina,  and  a  puncture  is  not  contra- 
indicated;  but  if  it  is  high  up,  not  accessible,  and  far  from  the 
vaginal  cul-de-sac^  a  deep  puncture,  which  might  cause  an 
evacuation  into  the  cavity  of  the  peritoneum  of  the  sac,  is  to  be 
avoided.  It  is  here  that  surgery  must  step  in  to  carry  out  its 
legitimate  functions. 

"  My  clinical  .experience,  which  is  now  seven  years  old,  has 
given  me  many  cases  of  salpingo-ovaritis,  which  I  hope  later  on 
to  tabulate.  I  shall  content  myself  now  with  some  results  of 
my  treatment.  Every  salpingo-ovaritis  will  generally  be  suit- 
able for  appropriate  electrical  treatment,  and  this  should  be  the 
conservative  method  of  choice;  it  is  sovereign  in  catarrhal  sal- 
pingitis, only  calmative  in  tubercular  salpingo-ovaritis,  and  in 
certain  pus-tubes  may  be  of  great  service.  Whatever  electric 
treatment  is  made  use  of,  it  should  be  continued  until  the 
patient  pronounces  herself  cured  of  her  symptoms,  and  until 
an  examination  has  satisfied  us  that  the  anatomical  change  is 
considerable.  Surgical  interference  should  never  be  resorted 
to  until  after  all  electrical  resources  have  been  exhausted.  Cas- 
tration, which  morally  and  physically  mutilates  a  woman  after 
an  incurable  fashion,  and  only  cures  radically  in  a  fourth  or 
fifth  part  of  the  cases,  should  be  only  an  operation  of  necessity, 
never  of  choice,  and  should  be  regarded  as  a  last  resort.  Elec- 
trical conservative  therapeusis,  harmless,  easily  applied  by  any 
one,  and  which  does  not  pretend  to  cure  every  case  of  salpingo- 
ovaritis,  finds  its  greatest  triumph  in  rendering  a  subsequent 
conception  possible,  as  I  have  seen  in  several  of  my  patients." 

Uterine  Displacements. — Reference  has  already  been  made 
to  Apostoli's  treatment  of  flexion  by  means  of  faradization,  and 
the  application  of  the  constant  current  for  the  same  purpose. 
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Other  forms  of  displacement,  especially  if  due  to  relaxation  of 
the  muscular  structures  of  the  vagina  and  uterine  ligaments,  are 
also  susceptible  to  electrical  treatment.  Faradization  would 
seem  to  be  most  rationally  indicated,  as  it  not  only  improves  the 
contractility  of  the  muscular  elements  in  the  ligaments,  but  also 
relieves  congestion  of  the  uterus  and  other  pelvic  organs  and 
tissues.  Lumbo-abdominal,  utero-spinal,  or  utero-abdominal 
currents  may  be  tried.  In  using  tlie  galvanic  current  care  must 
be  taken  to  avoid  the  cauterizing  action  of  the  pelvic  elec- 
trode. 

Uterine  Tumors. — Eighteen  years  ago  Drs.  Ephraim  Cutter 
and  Oilman  Kimball  operated  upon  a  case  of  fibroid  tumor  of 
the  uterus  by  passing  a  galvanic  current  through  portions  of  the 
morbid  growth,  using  insulated  needles  as  electrodes.  The 
question  of  priority  in  suggesting  and  performing  the  operation 
does  not  seem  to  have  been  definitely  settled  between  these  two 
gentlemen.  At  the  Washington  International  Medical  Congress 
of  1887  both  claimed  the  honor.  Dr.  Cutter  has,  since  that 
time,  operated  in  a  large  number  of  cases,  and,  in  1887,  reported 
fifty  cases  with  the  following  results:  25  arrests;  7  non-arrests; 
3  relieved;  11  cured;  4  deaths.  These  results  are  fairly  good. 
While  the  number  of  cures  is  small,  and  the  deaths  compara- 
tively large  (8  per  cent.),  the  showing  is  much  more  satisfactory 
than  either  medical  treatment  or  hysterectomy. 

In  1884  Dr.  Apostoli  published*  the  results  of  a  new 
method  of  electrical  treatment  of  uterine  fibroids.  The  metliod 
has  been  extensively  discussed  in  the  journals  the  past  five 
years,  and  has  given  rise  to  much  acrimonious  debate. 

In  Great  Britain,  Sir  Spencer  Wells,  Thomas  and  Skene 
Keith,  Dr.  W.  S.  Playfair,  W.  E.  Steavenson,  and  many  others 
have  adopted  Apostoli's  method  and  claim  for  it  advantages  over 
any  other  now  in  rise  for  treating  this  class  of  morbid  growths. 
In  America  the  prominent  adherents  among  gynaecologists  are 

*  L.  Carlet :  Du  traitem.  Electr.  des  tumeurs  fibre  uses  de  1' uterus  d'apres,  la  methode 
du  Dr.  Apostoli.    Paris,  1884. 
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as  yet  few,  but  there  are  signs  of  yielding,  and  it  will  probably 
not  be  very  long  before  the  electrical  treatment  of  fibroids  becomes 
as  popular  in  this  country  as  it  is  in  England. 

The  method  is  essentially  the  same  as  that  for  treating 
chronic  perimetric  inflammations  as  above  described.  The  pro- 
cedures consist  of  the  use  of  the  positive  electrode  in  the  cavity 
of  the  uterus  in  cases  where  haemorrhage  is  a  marked  symptom 
(positive  chemical  galvano-cauterization) ;  the  negative  electrode 
intra-uterine  to  promote  absorption  (negative  chemical  galvano- 
cauterization),  and  negative  puncture  of  the  tumor  through  the 
cervix  or  vagina  (negative  galvano-puncture).  The  currents 
used  are  strong  (from  50  to  250  milliamperes)  and  the  sittings 
from  two  to  five  minutes  in  duration.  The  intra-uterine  appli- 
cations may  be  repeated  once  or  twice  a  week.  The  external 
electrode  used  is  the  clay  diff'usion  electrode  for  the  abdomen. 

The  results  claimed  for  the  treatment  are : — 

1 .  Arrest  of  haemorrhage. 

2.  Cessation  of  pain. 

3.  Diminution  in  size  of  the  tumor. 

Complete  disappearance  of  the  tumor  is  rare,  although  it 
has  sometimes  occurred  after  puncture. 

When  the  cervix  is  too  tortuous  to  get  the  sound  into  the 
uterus,  or  is  obliterated  by  the  growth,  a  new  canal  is  made  by 
means  of  galvano-puncture.  This  canal  is  said  to  remain  patu- 
lous, and  all  intra-uterine  applications  are  made  through  it. 

In  July,  1887,  Apostoli  reported  two  hundred  and  seventy- 
eight  cases  treated  by  this  method,  making  upward  of  four 
thousand  applications,  an  average  of  about  fifteen  applications 
in  each  case.  Benefit  is  claimed  in  about  95  pe?-  cent,  of  the 
cases.  The  cases  are  "  symptomatically  cured,"  i.e..,  the  symp- 
toms for  which  the  patients  sought  relief  have  been  alleviated 
or  entirely  removed,  although  the  tumor  had  not  disappeared. 
By  some  it  is  asserted  that  this  relief  is  only  temporary,  but  even 
then  it  is  better  than  doing  nothing  or,  perhaps,  as  is  the  case 
with  some  gynaecologists  with  surgical  tendencies,  doing  too  much. 
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Among  the  latest  contributions  in  favor  of  the  electrolytic 
treatment  of  fibroid  tumors  is  a  paper  by  Thomas  Keith,  who, 
although  his  success  in  treating  these  growths  with  the  knife 
stands  unparalleled,  has  become  the  strongest  advocate  of  Apos* 
toll's  treatment.  He  closes  his  paper  with  the  following  strong 
statement : — 

"The  only  treatment  not  surgical  worth  speaking  about 
that  I  have  seen  do  any  good,  and  which,  at  the  same  time,  is 
one  free  from  danger  to  life  if  the  treatment  be  undertaken  by 
one  who  has  respect  for  a  strong  electrical  current,  is  that 
brought  before  us  by  Dr.  Apostoli.  If  any  one  should  have 
held  on  firmly  to  hysterectomy  it  is  myself,  for  my  results  after 
it  are  better  than  any  other.  I  have,  however,  thrown  over  all 
surgical  operations  for  this  new  treatment,  and  the  longer  I 
follow  it  the  more  am  I  satisfied 

"  To  the  surgeon,  no  doubt,  hysterectomy  is  the  good  and 
simple  plan.  He  may  have  his  bad  quarter  of  an  hour  at  the 
operation,  but  then  he  has  practically  done  with  the  case,  and 
he  gets  his  result  quickly,  sometimes  more  quickly  than  he  cares 
for.  If  the  patient  recover  there  is  pleasure  all  around;  if 
things  go  badly  and  the  patient  die,  he  bewails  his  bad  luck,  as 
it  is  called,  ....  waits  a  little,  and  then,  though  rather 
unwillingly,  does  another.  He  resents  any  other  treatment 
than  that  by  the  knife.  He  especially  resents  Apostoli's  treat- 
ment of  fibroids  by  electricity,  for  the  result  is  long  in  coming; 
it  is  a  slow  treatment,  requiring  great  patience,  great  tender- 
ness of  manipulation,  and  much  thinking But  with 

patience  the  result  is  certain There  is  no  mutilation, 

a  thing  abhorrent  to  most  women It  puts  a  woman 

with  a  fibrous  tumor,  who  suffers  much,  into  the  position  of  a 
woman  with  a  fibrous  tumor  who  does  not  suffer  or  may  be  even 
unaware  of  its  presence.  It  does  not  bring  about  the  disappear- 
ance  of  the  tumor,  or  it  does  so  very  rarely,  but  the  size  is 

lessened  more  or  less — one-half,  one-third,  two-thirds 

Tension  is  taken  off  everywhere,  all  around,  and  bladder  irrita- 
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bility  from  pressure,  a  common  cause  of  distress,  is  relieved.  In 
a  word,  the  woman  is  made  well ;  her  whole  life  is  changed. 
All  this  can  be  done  without  danger  to  life,  and  if  there  be  pain 
during  the  time  the  current  passes  the  fault  is  in  the  operator. 
What  more  does  a  reasonable  woman  who  has  suffered  much 
desire  or  needl 

"What  have  those  to  offer  in  place  of  all  this  who  have  so 
bitterly  opposed  this  treatment ;  who  with  unhmited  material 
stand  aside  and  will  not  take  the  trouble  to  investigate  the 
matter  for  themselves,  but  wait  till  some  one  else  does  it  for 
them;  who  make  only  an  outcry  if  by  chance  they  hear  of  any 
accident  during  the  progress  of  the  treatment  of  any  case,  and 
who  go  frantic  over  the  rumor  of  a  death,  or,  worse  still,  who 
proclaim  they  know  of  deaths  that  never  happen'?  These  men 
have  absolutely  nothing  whatever  to  offer  in  the  bad  cases,  and 
only  hysterectomy  in  such  tumors  that  ivill  come  out  more  or  less 
easily,  so  as  to  be  treated  by  the  extra-peritoneal  method  of 
operating.  I  have  seen  not  a  few  cases  of  bad  bleeding  fibroids 
since  I  came  to  London ;  almost  every  one  had  consulted  one  or 
other  surgical  authority  on  the  subject  of  operation.  These 
were  invariably  told  that  nothing  would  do  them  any  good  but 
the  removal  of  the  tumor;  but  in  their  special  case  the  local 
difficulties  were  too  great,  or  they  had  let  their  strength  go  down 
too  far  for  such  an  operation.  The  very  feeble  and  bad  cases, 
with  masses  of  tumor  blocking  the  pelvis,  with  absence  of  cervix, 
and  opened-out  broad  ligaments,  would  seem  to  be  let  alone. 
Hysterectomy,  then,  at  best,  would  appear  to  be  a  most  doubtful 
remedy  for  a  certain  number  of  cases,  and  these  not  of  the  worst 
sort.  On  the  other  hand,  the  worse  the  case,  the  more  feeble 
the  patient,  the  greater  the  loss  of  blood,  the  more  marked  is 
the  result  of  electrical  treatment.  Given  a  woman  with  a  large 
bleeding  fibroid,  blanched  almost  to  death  from  years  of  hsemor- 
rhage,  and  see  her  some  months  after  this  treatment  is  com- 
pleted, you  would  scarcely  recognize  her, — the  improvement  is  so 
great 
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"  The  old  spirit  that  at  one  time  would  have  no  abdominal 
surgery  still,  unfortunately,  lingers  among  us.  Electricity  in 
any  form,  when  applied  to  the  cure  of  disease,  is  set  down  as 
pure  quackery  by  many  medical  men,  simply  because  they  know 
nothing  about  it,  and  won't  take  the  trouble  to  learn  for  them- 
selves what  to  many  is  rather  a  hard  study. 

"  What  I  now  plead  for  is  that,  for  a  time,  all  bloody 
operations  for  the  treatment  of  uterine  fibroids  should  cease, 
and  that  Dr.  Apostoli's  treatment,  as  practiced  by  him,  should 
have  a  fair  trial.  Those  who  have  hitherto  most  resisted  the 
introduction  of  electricity  are  the  surgeons  who  are  the  best 
competent  to  carry  it  out.  They  are  accustomed  to  manipulate 
in  the  pelvis,  and  they  will  not  make  mistakes  in  the  diagnosis, 
or  make  them  as  seldom  as  it  is  possible  to  do.  Hysterectomy, 
remember,  which  is  performed  every  day  for  a  complaint  that 
rarely  of  itself  shortens  life,  kills  every  fourth  or  fifth  woman 
who  is  subjected  to  it.  This  mortality  must  cease;  it  is  not  a 
question  of  surgery, — it  is  a  question  of  humanity.  Every  time 
that  any  disease  can  be  cured  without  resorting  to  a  bloody 
operation,  such  as  hysterectomy,  progress  is  made  in  our  art,  and 
there  is  a  gain  to  humanity,  while  surgery  is  the  better  for  being 
purged  of  a  deadly  operation.  It  may  seem  strange  to  some 
that  after  the  results  I  got  in  hysterectomy — results  that  almost 
made  it  justifiable — I  should  now  begin  to  throw  stones  at  the 
operation  instead  of  trying  still  further  to  improve  upon  it ; 
and  but  for  Dr.  Apostoli  I  would  now  be  doing  so.  I  would 
give  something  to  have  back  again  those  sixty-four  women  that 
I  did  hysterectomy  for,  that  I  might  have  a  trial  of  Dr.  Apostoli's 
treatment  upon  them ;  and  I  would  give  something  never  to  have 
had  the  wear  and  tear  of  flesh  and  spirit  that  these  operations 
cost  me,  for  in  scarcely  one  of  them  was  the  operation  simple." 

Testimony  like  this  is  certainly  valuable  in  favor  of  an 
operation  so  simple  and  so  little  fraught  with  danger  to  life. 
Apostoli  in  two  hundred  and  seventy-eight  cases  lost  two,  and 
Keith  in  a  large  number  but  one. 
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Dr.  Franklin  H.  Martin,  of  Chicago,  has  described*  what  he 
claims  to  be  a  new  method  of  electrical  treatment  of  uterine 
fibroids,  but  which  appears  to  be  merely  a  trivial  modification 
of  Apostoli's  method.  The  modifications  of  some  of  the  instru- 
ments used  seem  to  be  desirable  improvements,  but  no  distinct 
advance  is  discernible  in  the  procedure. 


Fig.  245.— Carbon-Disk  Electrode  fob  Vagina. 

Malignant  tumors  of  the  uterus  have  not  been  subjected  to 
electrolysis,  although  the  results  obtained  with  more  super- 
ficial growths  of  the  kind  should  encourage  a  trial  of  the 
method  in  carcinoma  and  sarcoma.  Epithelioma  of  the  os 
and  cervix  could  be  readily  treated  by  electrolysis  if  a  proper 
electrode  were  constructed  for  the  purpose.  The  carbon-disk 
electrode  of  Dr.  Goelet  (Fig.  245)  would  seem  particularly 
appropriate  for  some  cases  of  epitheliomatous  ulceration  of 
the  OS  uteri. 

Amputation  of  the  cervix  for  epithelioma  and  hypertrophy 
is  often  performed  with  galvano-cautery.     The  apparatus  re- 


FiG.  246.— Large  Screw-Cautery  Handle. 

quired,  in  addition  to  a  proper  cautery  battery  and  wire  snare,  is 
a  large  screw  electrode  to  slowly  tighten  the  wire  as  it  is  being 
heated  (Fig.  246). 

Ovarian  Tumors. — While  the  electrolytic  treatment  of  uter- 
ine fibroids  may  be  considered  to  be  fairly  on  trial,  that  of  ovarian 

*  Transactions  Ninth  International  Congress,  vol.  ii,  p.  669-684. 
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cysts  has  not  been  able  to  obtain  recognition  from  the  profession. 
Dr.  Semeleder,  of  Mexico,  who  has  practiced  the  method  for  a 
number  of  years,  has  recently  published  the  results  of  his  expe- 
rience, which  does  not  appear  to  be  so  unfavorable  as  it  has  been 
made  to  appear  by  Dr.  Munde,  in  a  contribution  to  the  "  Trans- 
actions of  the  American  Gynaecological  Society,"  for  1877.  Dr. 
Munde's  method  of  interpreting  statistics  has  certainly  the  merit 
of  originality,  even  though  it  lacks  some  of  the  elements  of  fair- 
ness, when  he  says  in  a  later  article :  "  I  collected  fifty-one  cases, 
of  which  only  twenty-eight  might  credibly  be  considered  cured; 
nine  died,  and  fourteen  were  utter  failures.  The  ratio  of  mor- 
tality and  failure  was  45  per  cent.,  or  double  the  mortality  from 
ovariotomy,  even  in  the  hands  of  our  less  successful  operators  of 
to-day."*  The  absolute  mortality  was  20  percent.  Dr.  Semele- 
der t  reports  his  personal  experience  with  electrolysis  as  follows : 
Of  forty  cases  of  ovarian  cysts  there  were  twenty-seven  cured ; 
three  improved ;  one  temporarily  improved ;  in  two  there  was  no 
change :  two  were  still  under  treatment,  and  five  died.  This 
gives  an  absolute  mortality  of  12.5  per  cent.  In  1887,  Dr. 
Munde  reports  his  own  experience  J  with  ovariotomy  during  the 
year  as  twenty-two  operations  with  five  deaths,  a  mortality  of 
22.7  per  cent.  Is  Dr.  Munde  to  be  numbered  among  "  our  less 
successful  operators  'V 

Probably  the  best  method  of  electrolysis  of  ovarian  tumors 
would  be,  where  possible,  negative  galvano-puncture  from  the 
vagina,  with  a  large  diffusion  positive  electrode  on  the  abdomen. 
AVith  proper  antiseptic  precautions  the  abdominal  puncture 
would  probably  not  be  very  dangerous.  The  method  demands 
further  study  on  the  part  of  those  who  are  in  position  and 
willing  to  give  it  the  requisite  attention. 

Extra-uterine  Pregnancy. — One  of  the  most  beneficent  ap- 
plications of  electricity  is  in  the  destruction  of  foetal  life  in 
extra-uterine  pregnancy.     It  is  admitted  by  most  obstetricians 

*  Am.  Journ.  of  Obstetrics,  December,  1885. 

t  Wiener  Klinik,  October,  1888. 

X  Goodell  in  Sajous'  "Annual,"  for  1888,  vol.  iv,  p.  105. 
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that  if  the  diagnosis  can  be  certainly  made  before  the  death  of 
the  foetus  the  electrical  treatment  is  the  most  appropriate  pro- 
cedure. Until  recently  the  possibility  of  making  such  a  diag- 
nosis has  been  generally  accepted,  but  some  surgeons  who  op- 
pose the  use  of  electricity  now  state  that  the  diagnosis  of  ectopic 
pregnancy  cannot  be  made  before  the  life  of  the  foetus  is  extinct, 
or  the  cyst  in  which  it  is  contained  has  been  ruptured.  It  is  also 
argued  that  the  placenta  continues  growing  after  the  foetus  dies, 
and  hence  the  danger  of  internal  haemorrhage  still  continues. 

Unfortunately  for  these  theoretical  objections,  (foetal)  ante- 
mortem  diagnosis  of  ectopic  pregnancy  has  been  made  in  a  suffi- 
cient number  of  instances  to  establish  its  possibility,  and  the 
demonstration  of  the  (foetal)  post-mortem  growth  of  the  placenta 
has  not  yet  been  furnished. 

In  a  considerable  number  of  cases  on  record  in  the  obstet- 
rical literature  success  has  followed  the  use  of  electricity  in  this 
grave  condition.  Among  American  authorities  may  be  quoted 
Drs.  T.  Gaillard  Thomas,  W.  T.  Lusk,  E.  P.  Harris,  A.  D.  Rock- 
well, and  others  who  have  either  had  personal  experience  or 
approve  the  method.  The  faradic  current  is  usually  employed, 
one  electrode  being  applied  over  the  tumor  externally  and  the 
other  against  the  most  prominent  part  of  the  swelling  in  the 
vagina.  Daily  sittings  of  ten  minutes  each,  for  two  to  three 
weeks,  gradually  increasing  the  strength  of  the  current  to  the 
limit  of  endurance  and  then  diminishing  it  to  zero  at  each 
sitting,  will  usually  destroy  the  foetal  vitality  if  employed  before 
the  third  month.  In  one  of  Lusk's  cases  the  foetal  vitality  was 
evidently  destroyed  after  six  applications ;  in  another,  after  ten ; 
in  a  case  reported  by  Dr.  McBurney  two  applications,  and  in 
one  by  Dr.  Billington  four,  sufficed  to  arrest  the  Adtality  of  the 
foetus.  In  none  of  these  cases  were  there  any  dangerous  after- 
effects, either  from  the  applications  or  from  the  foetal  structures 
and  placenta  which  were  allowed  to  remain  in  the  cyst. 

Some  obstetricians  prefer  the  galvanic  current,  and,  a  priori, 
it  would  seem  to  be  the  most  appropriate,  as  the  electrolytic 
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effects  would  promote  absorption  of  the  contents  of  tlie  sac. 
Dr.  Rockwell  uses  an  interrupted  gahanic  current,  sending  a 
succession  of  shocks  through  the  sac.  He  uses  a  current 
strength  of  10  to  30  milliamperes.  In  one  case  a  single  appli- 
cation was  sufficient  to  arrest  the  embryonic  life.  In  one  case 
of  advanced  tubal  pregnancy  Dr.  Thomas  opened  the  sac  from 
the  vagina  by  means  of  the  galvano-cautery. 

Urethpal  Caruncle  and  Other  Growths  of  the  External  Gen- 
itals.— Electrolysis  or  galvano-cautery  under  cocaine  may  be 
employed  for  the  destruction  of  these  new  formations.  It  is 
probable  that  the  tendency  of  the  caruncular  growths  to  return 
after  extirpation  with  the  knife  would  not  attend  their  electrolytic 
destruction. 

Atresia  or  Stenosis  of  the  Vagina. — Just  as  stricture  of  the 
urethra,  rectum,  and  other  mucous  canals  is  amenable  to  elec- 
trolytic treatment,  so  in  cases  where  the  vagina  is  narrowed  from 
cicatricial  contraction,  the  same  procedure  may  be  expected  to 
give  relief.  It  Avould  seem  that  in  the  preparatory  treatment  of 
vesico- vaginal  fistula  electrolysis  is  rationally  indicated,  not  for 
the  cure  of  fistula,  but  for  the  removal  of  the  cicatricial  and 
other  obstructive  conditions  which  so  often  interfere  with  the 
success  of  the  recognized  surgical  procedures  in  these  cases. 

ELECTRICITY   IN    OBSTETRICS. 

Abortion. — At  first  thought  it  appears  contradictory  .o  use 
electricity  for  the  prevention  of  abortion,  but  when  it  is  con- 
sidered that  electricity,  especially  the  faradic  current,  reduces 
local  nervous  irritability,  it  will  be  seen  that  a  prime  indication 
in  this  condition  is  fulfilled  by  this  agent.  Experienced  ob- 
stetricians know  that  one  of  the  best  means  to  quiet  an  irritable 
uterus  in  threatened  abortion  is  ergot  in  small  doses.  Electricity 
in  mild  currents  produces  similar  "sedative"  effects,  and  is 
hence  rationally  indicated  in  cases  where  abortion  is  threatened, 
but  where  the  separation  of  the  membranes  is  not  yet  extensive. 
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Dr.  W.  T.  Baird,  of  Texas,*  takes  a  similar  view  of  the  effect 
of  mild,  currents  in  this  condition.  lie  reports  three  cases  "  who 
were  threatened  with  abortion,  and  who  were  having  haemor- 
rhage when  the  treatment  was  commenced ;  and  in  these  three 
latter  (he  continues)  the  treatment  was  instituted  to  arrest  the 
haemorrhage  and  prevent  the  expulsion  of  the  ovum.  The  re- 
sults justified  my  expectations  in  each  case,  as  the  haemorrhage 
was  promptly  arrested,  and  the  patients  all  went  over  to  full 
term."  In  these  cases  an  insulated  vaginal  electrode  was  intro- 
duced into  the  vagina  and  pressed  against  the  os,  while  a  soft- 
sponge  electrode  was  applied  over  the  hypogastrium  or  the  lumbo- 
sacral region  for  ten  minutes.     The  faradic  current  was  used. 

To  arrest  haemorrhage  from  a  relaxed  uterus,  after  abortion, 
the  same  current  may  be  employed  either  with  the  electrodes 
similarly  apphed  or  with  a  double  uterine  electrode  (Fig.  247), 


Fig.  247.— Double  Uterine  Electeode. 


by  means  of  which  the  current  can  be  definitely  localized  in  the 
uterus,  and  produce  more  forcible  contraction.  The  same  in- 
strument is  exceedingly  useful  in  post-partum  haemorrhage.  In 
haemorrhage  after  abortion,  where  there  are  retained  membranes, 
the  use  of  a  negative  galvanic  pole  in  the  uterus  and  a  current 
of  50  to  60  milliamperes  for  five  to  ten  minutes  gives  good 
results. 

Puerperal  Hcemorrhage. — Haemorrhage  before,  during,  or 
after  labor  at  term  is  always  an  alarming  sign.  When  it  occurs 
before  labor  as  an  indication  of  placenta  praevia,  the  induction 
of  premature  labor  is  demanded.  When  the  bleeding  comes  on 
during  or  afler  labor  there  is  no  agent  that  can  be  relied  upon 
with  so  much  satisfaction  as  electricity.  The  faradic  current,  as 
strong  as  can  be  borne,  should  be  used  to  produce  strong,  equable 
contractions  of  the  muscular  tissue,  and  thus  arrest  the  bleeding. 

*  Am.  Joum.  of  Obstetrics,  April,  1885,  p.  341. 
23 
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The  current  can  be  sent  from  back  to  abdomen,  or  from  uterus 
to  abdomen,  or  through  the  uterus  alone,  by  means  of  the  double 
uterine  electrode. 

Premature  Delivery. — When  premature  delivery  is  indi- 
cated, one  of  the  promptest  methods  to  produce  it  is  by  means 
of  electricity.  Either  the  galvanic  or  faradic  current  may  be 
employed,  preference  being  generally  given  to  the  latter.  Lumbo- 
abdominal  currents,  as  strong  as  the  patient  can  bear,  are  used. 
Under  its  influence  the  os  begins  to  dilate  and  contractions  begin 
in  the  organ  which  soon  expel  its  contents. 

Parturition. — In  the  process  of  labor  the  administration  of 
chloroform  is  a  favorite  method  of  allaying  the  pains,  calming 
the  nervousness,  and  securing  personal  quiet.  Dr.  Baird  claims 
that  a  mild  faradic  current  will  produce  a  similar  effect,  reliev- 


FiG.  248.— WeistliEt  Electrode. 


ing  promptly  all  so-called  "reflex  pains,"  without  diminishing 
the  contractile  or  expulsive  pains.  His  method  is  to  apply  a 
large  electrode  to  the  sacrum,  and  with  a  wristlet  electrode  (Fig. 
248)  attached  to  the  operator's  arm  pass  the  hand  over  the  ab- 
domen during  the  pains.  In  this  way  the  strength  of  the  cur- 
rent can  be  readily  regulated,  the  application  is  diffused  over  the 
abdomen,  and  a  species  of  massage  with  the  electric  hand  can 
be  combined  with  the  electricity.  In  place  of  the  hand  a  large 
sponge  may  be  used  as  the  abdominal  electrode. 

Dr.  Baird  lays  down  the  following  indications  for  the  use 
of  electricity  in  obstetrics  : — 

"1.  To  modify  the  pains  of  labor. 

"2.  To  favor  a  more  rapid  dilatation  of  the  os. 
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"3.  To  promote  more  vigorous  uterine  contractions. 

"4.  To  add  tone  and  strength  to  all  the  muscles  engaged, 
and  increase  their  power  of  doing  work. 

"  5.  To  abridge  the  time  occupied  by  the  labor. 

"  6.  To  prevent  shock,  exhaustion,  and  post-partum  heemor- 
rhage. 

"7.  To  insure  contraction  of  the  uterus  in  cases  of  instru- 
mental delivery. 

"  8.  To  act  as  an  auxiliary  in  the  induction  of  premature 
labor. 

"9.  To  arrest  haemorrhage  and  accelerate  labor  in  cases  of 
placenta  prsevia. 

"10.  To  prevent  an  undue  expenditure  of  nervous  force  in 
all  cases  of  debility  from  whatever  cause,  thus  leaving  the 
patient  in  a  condition  to  secure  a  speedy  and  favorable  conva- 
lescence."* 

Apostoli  and  Tripier  use  faradization  after  labor  to  promote 
involution  of  the  uterus.  The  regular  contraction  thus  pro- 
duced acts  in  a  measure  as  preventive  of  septic  absorption  by 
keeping  the  uterine  cavity  empty.  The  sittings  may  be  repeated 
daily  for  one  or  two  weeks,  or  longer  if  deemed  necessary.  The 
lumbo-abdominal  method  is  generally  sufficient  to  maintam  good 
contraction  of  the  womb. 

DISEASES   OF   THE    MALE    GENITO-URINART   ORGANS. 

Among  the  derangements  of  the  male  genito-urinary  appa- 
ratus in  which  electricity  may  be  used  with  good  promise  of 
success  are  various  paretic  conditions  of  the  bladder  and  penis, 
irritability  of  the  bladder  and  urethra,  functional  impotence,  and 
certain  consequences  of  inflammation  in  the  urethral  canal  or 
contiguous  tissues  and  organs.  The  galvanic  and  faradic  currents 
and  static  electricity  may  be  employed  locally.  In  certain  cases 
the  effects  of  electricity  upon  the  cerebro-spinal  nervous  system 

*  Am.  Jour.  Obstetrics,  July,  1885. 


356        PRACTICAL   ELECTRICITY   IN   MEDICINE    AND    SURGERY. 

and  upon  the  general  nutrition  of  the  organism  may  also  he 
called  to  aid. 

Irritability  of  the  Urethra. — In  cases  where  there  is  an 
itching  or  tingling  sensation  in  the  urethra,  which  frequently 
deepens  into  positive  pain  during  urination  or  seminal  discharge, 
the  galvanic  current,  with  the  negative  electrode  in  the  urethra 
and  the  positive  upon  the  pubis  or  thigh,  generally  gives  prompt 
relief.  Currents  of  two  to  five  milliamperes  are  sufficient,  with 
sittings  of  five  minutes'  duration,  once  or  twice  a  week.  Faradi- 
zation may  be  employed  in  the  same  manner. 

Chronic  Inflammation  and  Stricture  of  the  Urethra.  —  In 
chronic  urethritis  following  gonorrhoea  there  is  often  a  localized 
area  of  tenderness  in  the  deep  urethra,  accompanied  by  a  slight 
discharge.  When  a  catheter  or  sound  is  passed  it  gives  exqui- 
site pain  as  it  passes  over  the  tender  area  referred  to,  and  upon 
withdrawal  of  the  instrument  more  or  less  bleeding  follows — 
sometimes  a  few  drops  only  of  blood,  at  others  quite  a  smart 
haemorrhage.  There  is  good  reason  to  believe  that  this  painful 
area  is  in  a  granular  condition,  and  the  bleeding  and  reflex  spas- 
modic contraction  following  attempts  to  pass  a  sound  over  it 
often  lead  the  physician  to  the  opinion  that  he  has  to  deal  with 
a  stricture.  Careful  examination  with  a  urethrameter  or  bulbous 
sound  will  demonstrate  the  absence  of  any  organic  co-arctation 
of  the  urethral  calibre.  In  these  cases  no  remedy  will  yield  so 
prompt  and  satisfactory  results  as  the  galvanic  current  applied 
as  directed  for  irritability  of  the  urethra.  An  insulated  sound 
somewhat  smaller  than  the  normal  urethral  calibre  should  first 
be  used.  This  is  attached  as  negative  electrode  and  passed  down 
the  urethra  until  it  strikes  the  painful  point.  The  anode — ordi- 
nary contact  electrode — is  then  applied  to  the  thigh  and  the  cur- 
rent gradually  turned  on  until  four  or  five  milliamperes  are  pass- 
ing. Very  slight  pressure  in  the  appropriate  direction  is  then 
made  upon  the  sound,  and  in  a  few  minutes  it  will  be  found  to 
slip  through  the  formerly  contracted  and  painful  portion  of  the 
canal  and  may  be  made  to  enter  the  bladder.    The  sound  should 
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then  be  slowly  retracted  without  breaking  the  circuit  until  the 
painful  area  has  been  passed,  when  the  circuit  may  be  opened 
and  the  urethral  electrode  withdrawn.  There  will  usually  be  a 
little  bleeding  and  some  pain,  with  a  strong  desire  to  urinate, 
which  should  be  gratified.  The  penis,  scrotum,  and  perinseum 
should  be  bathed  in  hot  water  for  a  few  minutes  at  a  time  four 
or  five  times  after  the  operation.  The  sittings  may  be  repeated 
once  or  twice  a  week,  and  should  not  exceed  five  minutes  each. 
It  needs  no  urging  to  use  only  the  gentlest  manipulation  in  in- 
troducing any  kind  of  instrument  into  the  urethra.  After  the 
first  sitting  the  pain  and  bleeding  become  less  until  after  three 
or  four  sittings  they  disappear  entirely.  Four  to  six  weeks' 
treatment  is  usually  sufficient  for  the  cure  of  this  affection.  In 
urethral  stricture  the  same  method  of  treatment  is  pursued. 


Fig.  249.— Insulated  Urethral  Sound. 


The  normal  calibre  of  the  urethra,  the  size  and  location  of  the 
stricture  are  first  determined,  and  then  an  insulated  sound  (Fig. 
249),  connected  as  cathode,  a  little  larger  than  the  stricture,  is 
passed  down  to  the  strictured  portion  of  the  canal. 

The  circuit  is  then  closed,  with  the  anode  on  the  thigh,  and 
the  current  gradually  turned  on  with  the  rheostat  or  current 
selector.  A  strength  of  4  to  8  milliamperes  may  be  used.  If 
the  stricture  is  an  infiltrated  and  not  a  cicatricial  one,  it  will 
usually  yield  to  very  slight  pressure  in  a  few  minutes.  The 
sound  should  then  be  drawn  backward  slowly  through  the 
strictured  portion  of  the  canal,  and  then  the  circuit  opened. 
No  attempts  should  be  made  to  pass  a  second  larger  instrument 
at  the  same  sitting.  Even  if  the  sound  used  is  too  large,  and 
will  not  pass  the  stricture  within  five  minutes,  it  is  better  not  to 
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irritate  the  urethra  by  persistent  trials  with  the  same  or  a  smaller 
electrode.  The  patient  should  be  sent  away  with  directions  to 
bathe  the  penis  and  perinaeum  in  hot  water.  Another  attempt 
may  be  made  in  three  or  four  days.  If  the  sound  has  been 
properly  chosen,  and  is  appropriately  handled,  there  will  usually 
be  little  difficulty  in  passing  the  constricted  area. 

The  number  of  sittings  required  to  cure  a  strictured 
urethra  by  electrolysis  depends  upon  so  many  modifying  circum- 
stances that  no  safe  prediction  can  be  made.  In  careful  hands 
the  number  of  sittings  required  will  be  from  ten  to  twelve. 

This  method  is  the  one  usually  practiced,  and  owes  much 
of  its  popularity  to  the  advocacy  of  Dr.  Robert  Newman,  of 
New  York,  who  has  had  very  extensive  practice  with  it.  It 
fulfills  all  the  indications  presented  by  a  stricture  due  to  an  in- 
filtrated area  of  submucous  connective  tissue — ^the  type  of  an 
inflammatory  stricture.  In  strictures  due  to  cicatricial  tissue  or 
to  linear  co-arctation,  as  sometimes  found  near  the  meatus,  the 
method  advocated  by  Dr.  J.  A.  Fort  seems  better  adapted.  In 
this  method  the  active  portion  of  the  electrode  consists  in  a 
linear  exposure  of  metal  at  or  near  the  point  of  the  sound. 
By  the  use  of  this  instrument  a  narrow  furrow  can  be  ploughed 
through  the  constricted  portion  of  the  canal,  and  afterward 
dilatation,  either  with  or  without  electricity,  practiced.  Dr.  Fort 
also  uses  this  method  for  all  ordinary  strictures,  and  reports 
satisfactory  results  with  it. 

It  must  be  well  understood  that  this  operation  is  not  in  the 
nature  of  a  cauterization ;  it  is  electrolysis  pure  and  simple. 
There  is  no  elevation  of  temperature  in  the  electrode,  and  no 
charring  of  tissue.  The  pathological  tissue  is  slowly  dissolved 
by  the  electrolytic  action  of  the  current,  which  probably  also 
stimulates  the  absorption  of  infiltrated  products. 

It  is  quite  probable  that  some  surgeons  have  failed  with 
either  of  these  methods,  and  cases  doubtless  occur  in  which 
urethrotomy  is  a  quicker,  safer,  easier,  and  more  effectual 
method  of  cure ;  but  success  with  one  method  of  treatment,  and 
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failure  with  another,  does  not  give  an  operator  the  right  to  deny 
any  merit  to  the  latter,  or  to  discredit  the  testimony  of  those 
whose  experience  has  been  different. 

Galvano-cautery  has  also  been  practiced  in  some  cases  of 
urethral  stricture,  but  the  occasions  on  which  it  can  be  preferred 
to  electrolysis  must  be  very  rare.  In  cicatricial  strictures  near 
the  meatus  it  may  be  employed  with  success. 

Paresis  and  Paralysis  of  t/ie  Bladder. — Paralytic  conditions 
of  the  bladder  may  manifest  themselves  either  by  retention  or 
incontinence  of  urine.  They  may  also  be  due  to  cerebral, 
spinal,  or  peripheral  nerve-lesions.  In  the  former  case  galvani- 
zation of  the  brain  and  spinal  cord  is  indicated.  In  most  cases, 
indeed,  galvanization  of  the  lumbar  cord  is  beneficial  in  addi- 
tion to  the  local  symptomatic  treatment.  The  latter  may  con- 
sist in  percutaneous,  lumbo-abdominal,  or  lumbo-perincal  gal- 
vanization, faradization,  or  the  combined  currents.  Perhaps  a 
better  method  is  to  introduce  an  insulated  urethral  electrode  into 
the  bladder,  and  pass  a  faradic  current,  with  the  external  elec- 
trode against  the  perinseum,  the  lumbar  spine,  or  over  the 
pubis.  In  this  case  the  bladder  should  be  filled  with  a  weak 
sahne  (borax)  solution,  or  be  allowed  to  fill  with  urine,  in  order 
that  the  current  may  become  well  diff'used.  When  there  is 
paralysis  of  the  neck  of  the  bladder  the  current  should  be 
locahzed  by  holding  the  internal  electrode  in  the  vesical  neck, 
and  pressing  the  external  electrode  against  the  perinseum,  or  in- 
troducing it  into  the  rectum.  The  galvanic  current  may  also 
be  used  as  an  intra-vesical  current,  introducing  the  cathode  into 
the  bladder,  and  applying  the  anode  externally,  either  over  the 
spine,  perinseum,  or  pubis. 

Nocturnal  Incontinence  of  Urine.  —  This  condition  yields 
very  readily  to  electricity.  The  faradic  current  is  usually  em- 
ployed, although  galvanism,  likewise,  gives  good  results.  One 
insulated  electrode  is  introduced  a  short  distance  into  the  urethra, 
and  may  be  pushed  up  to  the  neck  of  the  bladder;  the  other  is 
applied  over  the  pubis  or  spine.     Percutaneous  currents  from 
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the  spine  to  the  pubis  are  sometimes  effective.  Improvement 
usually  follows  after  the  first  sitting.  Galvanization  of  the  spine 
is  a  useful  adjunct  to  the  local  electrization. 

Spermatorrhoea,  Involuntary  Seminal  Emissions,  and  Func- 
tional Impotence. — In  all  of  these  conditions  intra-urethral 
galvanization  and  faradization  are  of  benefit.  In  emissions  the 
internal  electrode  should  be  placed  against  the  mouths  of  the 
seminal  ducts,  and  the  external  to  the  perinaeum.  Mild  galvanic 
currents  (2  to  4  milliamperes),  with  cathode  in  the  urethra,  will 
often  arrest  the  discharges  by  relieving  the  irritability  of  the 
urethra.  Faradization  may  be  used  in  the  same  way,  and  in 
addition  transverse  faradization  of  the  testicles  and  spinal  gal- 
vanization are  of  benefit.  In  impotence  (deficient  erectile 
power)  spinal  galvanization  and  galvano-faradization  from  the 
lumbar  spine  to  the  penis  and  scrotum  give  the  best  promise  of 
success.  The  dry  faradic  brush  to  the  penis,  scrotum,  and  inner 
sides  of  the  thighs  is  also  at  times  an  efficient  method  of  pro- 
ducing erections.     Electric  baths  are  occasionally  useful. 

Hypertrophy  of  the  Prostate. — Faradization  by  means  of 
an  insulated  sound  in  the  urethra  and  another  in  the  rectum 
has  been  used  with  success  by  Tripier.  When  the  prostatic 
portion  of  the  urethra  will  not  admit  an  instrument  Tripier 
uses  a  double  bulbous  rectal  electrode,  which  is  pressed  forward 
against  the  prostate  so  as  to  apply  itself  to  either  side  of  the 
latter  and  the  current  passed  through  the  enlarged  organ  from 
side  to  side.  Galvanism  can  be  employed  in  a  similar  manner. 
Cheron  and  Moreau-Wolf  claim  good  success  with  the  cathode 
pressed  well  against  the  prostate  from  the  rectum  and  the  anode 
to  the  perinaeum.  Fort's  linear  electrolytic  method  would  doubt- 
less gradually  plough  a  furrow  through  the  enlarged  middle 
lobe  if  a  sufficiently  strong  current,  say  5  to  10  milliamperes,  were 
used.  Newman  has  devised  a  cautery  electrode  (Fig.  250) 
which  he  uses  for  the  purpose  of  destroying  the  obstruction  in 
the  canal.  The  sound  with  the  platinum-wire  burner  at  e  is 
passed  down  to  the  obstruction,  and  then  by  means  of  the  key. 
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5,  the  circuit  is  closed  and  the  wire  heated  to  a  red  heat.  A 
cautery  battery  is  used.  The  burning  must  be  done  very 
quickly  in  order  not  to  destroy  deeply  and  leave  a  slough.  The 
method  is  said  to  be  painless,  and  sittings  may  be  repeated  once 
a  week.  It  seems  that  in  addition  to  the  destruction  of  tissue 
this  method  causes  certain  modifications  of  nutrition,  followed  by 
absorption  of  part  of  the  hypertrophied  growth. 

Very  recently  a  new  procedure  for  reducing  the  size  of  an 
hypertrophied  prostate  by  electrolysis  has  been  proposed  by  Dr. 
Casper,  of  Berlin,  who  reports  four  cases,  of  which  two  were 
cured.  He  employs  a  needle-electrode  as  cathode,  which  is 
plunged  into  the  prostate  from  the  rectum.     The  needle  is  insu- 


FiG.  250.— Newman's  Cautery  Electrode. 


lated  to  near  its  point.  The  anode  is  applied  over  the  pelvis. 
A  current  of  from  10  to  25  milliamperes  is  used.  The  sittings 
may  be  repeated  every  five  or  six  days.  The  method  seems 
worthy  of  further  trial.  It  is  said  not  to  be  painful  unless  a 
greater  current  strength  than  15  milliamperes  is  used. 

Chronic  Orchitis. — The  swollen  testicle  should  be  subjected 
to  transverse  percutaneous  galvanization.  Lewandowski  has 
succeeded  with  the  electrodes  thus  placed,  and  frequently 
reversing  the  current.  Galvanization  of  the  spermatic  cord  is 
practiced  in  addition. , 

Atrophy  of  the  Testicle. — Faradization  of  the  testicle  and 
spermatic  cord  may  prove  successful. 

Varicocele. — In  this  affection  electrolysis  with  the  anode 
in  the  vein  to  produce  coagulation  seems  rationally  indicated. 
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The  possibility  of  detachment  of  the  clot  and  consequent  pul- 
monary embolism  must,  however,  be  borne  in  mind. 

Hydrocele. — Both  the  faradic  and  galvanic  currents  may 
cause  absorption  of  the  effusion  in  hydrocele.  The  faradic  cur- 
rent is  employed  percutaneously.  The  galvanic  current  may 
be  applied  in  the  same  way,  or  by  puncturing  the  sac  with  the 
cathode  and  using  a  pretty  strong  current  (30  to  50  milliamperes) 
to  produce  electrolysis. 

DISEASES   OF   THE   GLANDS. 

In  the  treatment  of  glandular  enlargements  by  electricity 
the  galvanic  current  is  usually  employed,  the  current  being 
passed  through  the  uninjured  skin  (percutaneous  method)  or 
one  or  both  poles  armed  with  insulated  needles  may  be  plunged 
into  the  growth  (galvano-puncture,  electrolysis). 

Cataphoric  transmission  of  absorbent  medicines  (iodine)  has 
been  employed  with  asserted  success,  in  some  cases.  Faradic 
currents  passed  through  the  glands,  or  by  means  of  the  faradic 
brush,  to  stimulate  absorption  by  reflex  action  upon  the  absorb- 
ents, have  also  been  successfully  used. 

Enlarged  Lymphatic  Glands. — Excellent  results  have  been 
obtained  in  enlarged  lymphatic  glands  by  the  use  of  the  galvanic 
current,  either  percutaneously  or  by  means  of  negative  galvano- 
puncture.  When  the  enlargement  is  due  to  specific  infective 
processes,  or  suppuration  has  taken  place,  the  procedure  is  likely 
to  fail.  Broken-down  glands  may,  however,  readily  be  opened 
by  means  of  negative  galvano-puncture  when  the  patient  objects 

Fig.  251.— Wire  Cautery  Point. 

to  incision.  Galvano-cautery  is  a  favorite  method  of  opening 
glands.  It  is  thoroughly  aseptic,  and  the  interior  of  the  cavity 
may  be  readily  cauterized  by  the  cautery  point.  In  some  cases, 
such  as  enlarged  tonsils,  both  the  galvano-cautery  and  electroly- 
sis have  decided  advantages  over  any  other  mode  of  treatment. 
If  the  cautery  is  used  the  wire  point  (Fig.  251)  may  be  em- 
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ployed,  a  number  of  punctures  being  made  with  it  into  the 
substance  of  the  gland.  The  sittings  may  be  repeated  weekly 
or  bi-weeldy.  The  hypertrophied  gland-substance  is  partly 
destroyed  and  partly  condensed  by  the  small  contractile  cica- 
trices produced.  In  electrolytic  puncture  with  the  negative 
needle  we  have  an  equally  effective  method,  but  much  more 
tedious. 

The  proper  strength  of  the  current  in  electrolysis  of  glands 
is  from  5  to  20  milliamperes.  Sittings  should  last  from  five  to  ten 
minutes  and  may  be  repeated  once  or  twice  a  week.  The 
needles  should  always  be  kept  thoroughly  aseptic  in  order  to 
avoid  inducing  suppuration.  M.  Meyer  employs  strong,  fre- 
quently-interrupted faradic  currents  in  enlarged  lymphatic 
glands,  and  reports  good  results  therefrom. 

Goitre. — In  a  moderate  proportion  of  cases  the  percutane- 
ous method  of  employing  galvanism  is  successful.  Chvostek, 
Bruns,  and  Lewandowski  cured  about  15  per  cent,  of  their 
cases.  Rapid  diminution  of  the  tumor  is  often  observed,  but 
unless  the  treatment  is  continued  for  some  time  the  growth  is 
liable  to  again  enlarge.  The  method  is  to  place  large,  moist 
electrodes  on  each  side  of  the  tumor,  and  pass  a  current  of 
10  to  20  milliamperes.  The  electrodes  should  be  frequently 
moved  to  avoid  destroying  the  skin  by  electrolytic  action.  An- 
other method  is  to  apply  one  electrode  over  the  tumor  and  the 
other  in  the  auriculo-maxillary  angle.  The  relative  position  of 
the  poles  seems  to  have  little  influence,  but  most  practitioners 
apply  the  cathode  over  the  growth. 

Negative  galvano-puncture  with  one  or  more  insulated 
needles  and  a  current  of  5  to  10  milliamperes,  weekly  or  semi- 
weekly  sittings,  may  also  be  employed.  By  this  method  im- 
provement is  almost  certain  to  follow,  although,  as  with  other 
methods,  failures  must  be  expected. 

The  treatment  by  electrolysis  is  neither  painful  nor  dan- 
gerous. 

Multiple  punctures  with  the  galvano-cautery  wire  may  also 
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be  expected  to  give  good  results.  The  destruction  of  skin-tissue 
will,  however,  cause  numerous  small  scars,  which  can  be  avoided 
in  electrolysis  by  using  insulated  needles. 

Agalactia. — Deficient  action  of  the  mammary  gland  is  a 
disorder  comparatively  frequent.  It  often  yields  promptly  to 
faradic  stimulation.  Large,  moist  electrodes  are  applied  directly 
to  the  breast.  Static  electricity  has  been  used  successfully  for 
the  same  purpose. 

Indurations  of  the  Mammary  Gland. — The  indurations  fol- 
lowing chronic  inflammation  and  abscess  of  the  mammary 
gland  will  often  undergo  rapid  absorption  under  the  influence 
of  galvanism.  Large,  moist  electrodes  are  applied  in  a  manner 
that  the  current  will  pass  through  the  gland.  In  acute  inflam- 
mation of  the  gland,  before  the  formation  of  pus,  the  pain  and 
tension  can  be  relieved  by  the  faradic  current. 

Tumors. — Dr.  A.  C.  Garratt  *  has  reported  one  hundred 
and  fifty-seven  cures  out  of  one  hundred  and  eighty-six  tumors 
of  the  breast  treated  with  the  galvanic  current.  The  tumors 
(or  indurations'?)  are  inclosed  between  two  sponge  electrodes 
(two  by  three  inches  area)  and  a  current  varying  in  strength 
from  5  to  50  milliamperes  used. 

Epitheliomata  of  the  breast  have  been  extirpated  by  elec- 
trolysis, but  the  method  is  tedious  and  generally  unsatisfactory. 
It  is  possible  that  in  the  early  period  of  the  growth  the  persist- 
ent use  of  the  percutaneous  galvanic  current  will  prove  suc- 
cessful. 

Very  recently.  Dr.  J.  Inglis  Parsonsf  reported  four  cases 
of  cancer  in  which  the  progress  of  the  disease  was  arrested  by 
strong  currents  of  electricity  passed  through  the  growth.  Cur- 
rents varying  from  10  to  600  milliamperes,  with  an  electro-motive 
force  of  105  volts,  were  used,  the  tumor  being  transfixed  with 
fine  insulated  needles.  The  patients  were  anaesthetized  during 
the  operation.     A  nodular  mass  of  fibrous  tissue  remains.     The 

*  Trans.  Ninth  Intern.  Med.  Congress,  vol.  ii,- 
t  Brit.  Med.  Journ.,  April  27,  1889. 
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observations  of  Dr.  Parsons  are  an  encouragement  to  further 
experiment  in  this  direction.  There  is  reason  to  believe  that  the 
limitations  of  electrical  treatment  of  malignant  tumors  have  not 
yet  been  reached. 

DISEASES   OF   THE   SKIN. 

In  skin  diseases  of  neurotic  origin  the  use  of  electricity  is 
rationally  indicated,  and  is  often  effectual.  In  inflammatory 
affections  the  galvanic  current  may  likewise  be  often  used  with 
good  results.  Certain  subjective  symptoms,  as  pain,  itching, 
hyperaesthesia,  etc.,  are  frequently  promptly  relieved  by  the 
faradic  or  galvanic  current.  General  electrization  by  means  of 
electric  baths  and  static  electricity  (insulation  and  breeze)  are 
indicated  in  certain  general  neuroses  with  cutaneous  manifesta- 
tions. 

Angioneuroses. — (Edema,  urticaria,  and  neurotic  bullous 
eruptions  are  successfully  aborted  by  means  of  the  galvanic  cur- 
rent, the  anode  being  applied  to  the  spine  and  the  cathode  to 
the  seat  of  the  outbreak.  The  itching  of  urticaria,  eczema, 
lichen,  and  prurigo  may  frequently  be  promptly,  though  not 
permanently,  relieved  by  swelling  faradic  currents. 

Chilblains  often  yield  to  galvanization  and  faradization.  In 
the  early  stages  of  local  asphyxia  (Raynaud's  disease)  the  angio- 
spasm may  be  arrested  by  a  strong  faradic  current,  and  the 
normal  circulation  re-established.  In  more  advanced  cases, 
when  trophic  changes  of  the  skin  have  begun,  galvanism,  with 
the  cathode  to  the  affected  area,  may  be  useful,  and  in  the  absence 
of  any  other  trustworthy  remedy  should  be  faithfully  tried. 

In  most  cases  of  neurotic  skin  diseases,  spinal,  central,  and 
subaural  galvanization  should  be  employed  in  addition  to  the 
local  applications  of  the  current. 

Eczema.  —  Beard  and  Rockwell  recommend  very  highly 
central  galvanization  in  this  disease.  Local  faradization  and 
galvanization  (anode  to  eruption)  also  give  good  results,  promptly 
relieving   the   itching   and   reducing   hyperaemia.     In  chronic 
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cases  with  much  infiltration  the  galvanic  current,  using  the 
cathode  to  the  seat  of  eruption,  is  rationally  indicated. 

Psoriasis  and  Lichen  Planus. — Looking  upon  these  diseases 
as  in  a  measure  neurotic  in  origin,  spinal  and  central  galvaniza- 
tion should  give  relief.  The  reported  successes  with  the  remedy 
are,  however,  very  few  in  number,  and  not  very  encouraging. 
Electric  baths  as  well  as  static  electricity  deserve  a  fair  trial  in 
both  affectioiis. 

Herpes  Zoster. — In  the  early  stage  of  the  eruption  the  gal- 
vanic current,  anode  to  the  spine,  cathode  over  the  course  of  the 
nerve  involved,  often  arrests  the  pain  as  well  as  the  eruption. 
In  the  post-eruptive  neuralgia,  which  is  almost  impossible  to 
relieve  by  any  other  means,  galvanism  may  be  used  with  expec- 
tations of  prompt  success.  The  faradic  current  may  also  be 
used,  but  does  not  usually  act  as  effectively  as  galvanism. 

Alopecia. — In  the  form  of  baldness  known  as  alopecia 
areata  electricity  is  used  with  great  success.  The  best  method 
of  employing  it  is  by  means  of  the  dry  faradic  brush  over  the 
ivory  spots.  Ranney  recommends  static  sparks  very  highly. 
Other  forms  of  alopecia  are  also  benefited  by  faradization. 

Scleroderma  and  Morphoea. — Schwimmer  reports  success  in 
one  case  of  generalized  scleroderma  after  eighteen  months' 
treatment  by  subaural  galvanization.  In  morphoea  localized 
applications  of  galvanism  have  long  been  regarded  as  the  only 
treatment  that  promises  success. 

Acne. — Galvanization  with  anode  to  the  back  of  the  neck 
and  cathode  to  the  seat  of  eruption  often  gives  the  happiest 
results  in  chronic,  indurated  cases.  The  faradic  current  is  used 
by  many  dermatologists  with  good  effects.  In  torpid  cases,  with 
many  comedones  and  few  pustules,  the  dry  faradic  brush  actively 
applied  to  the  skin  is  beneficial.  Of  course,  the  usual  recog- 
nized general  and  local  remedies  should  not  be  omitted  while 
employing  electricity. 

Acne  Rosacea. — Central  and  subaural  galvanization  are 
recommended  by  Beard,  E.  Remak,  and  De  Watteville.     Cases 
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may  sometimes  yield  to  this  procedure,  but  where  the  veins  are 
much  dilated,  and  there  is  hypertrophy  of  the  skin,  a  needle 
connected  as  cathode  is  used  to  puncture  all  the  dilated  vessels. 
The  circuit  is  closed  with  the  anode  at  an  indifferent  point — the 
palm  of  the  hand,  for  example.  In  a  minute,  or  less  time,  with 
a  current  of  1  to  2  milliamperes,  the  blood  in  the  vessel  is 
coagulated  or  driven  out  by  the  evolution  of  hydrogen  gas,  and 
sufficient  irritation  produced  to  cause  occlusion  of  the  vessel. 
Multiple  galvano-punctures  of  the  hypertrophied  skin  will  also 
promote  atrophy  of  the  latter.  This  method  was  first  introduced 
to  the  notice  of  the  profession  by  Dr.  Hardaway,  of  St.  Louis. 
Repeated  trial  has  demonstrated  its  great  value  in  a  condition 
which  otherwise  is  hardly  amenable  to  therapeutic  measures. 

Ulcers. — The  application  of  the  cathode  in  form  of  a  metal 
plate  to  tlie  surface  of  the  ulcer  will  stimulate  healthy  granula- 
tion. Where  there  is  too  much  discharge,  or  much  pain,  the 
anodic  application  is  indicated.  Weak  currents  and  long  sit- 
tings, fifteen  to  thirty  minutes,  should  be  used.  The  altered 
nutrition  of  the  granulations  is  usually  promptly  manifested. 

Parasitic  Diseases. — Against  these  the  electric  current  itself 
is  of  little  avail ;  but  advantage  may  be  taken  of  its  cataphoric 
virtues,  as  advocated  by  Dr.  Henry  J.  Reynolds,  of  Chicago.* 
He  applies  a  solution  of  mercuric  bichloride  on  the  anode  to  the 
affected  area,  and  closes  the  circuit  with  the  cathode  at  an  in- 
different point.  The  penetrating  power  of  the  parasiticide  is 
said  to  be  increased  by  this  procedure;  i.e.,  the  current  transfers 
the  bichloride  from  the  surface  of  the  electrode  into  the  hair- 
follicles  and  deeper  epidermic  layers,  where  it  may  come  in  direct 
contact  with  the  parasite.  The  observations  have  been  con- 
firmed by  others,  but  the  subject  requires  further  and  more 
exact  study. 

Hypertrichosis. — The  successful  employment  of  electrolysis 
for  the  cure  of  trichiasis"!"  by  Dr.  Michel,  of  St.  Louis,  led  Dr. 
W.  A.  Hardaway,  a  distinguished  dermatologist  of  the  same 

*  Trans.  Ninth  International  Med.  Congress,  vol.  iv.  t  See  ante,  p,  307. 
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city,  to  extend  the  operation  to  his  own  special  field  of  practice. 
The  first  brilliant  successes  were  obtained  in  the  removal  of 
hairs  growing  in  abnormal  situations.  Whether  the  growth  be 
that  of  a  moustache  or  beard  in  women,  or  of  growth  of  hair 
on  the  glabella,  the  tip  of  the  nose,  or  in  the  nostrils,  elec- 
trolysis properly  employed  will  remove  the  abnormal  growth 
permanently,  painlessly,  and  without  leaving  any  subsequent 
disfigurement. 

Any  good  constant  battery  will  answer  the  demands  of  the 
operation.  A  current  of  from  J  to  2  milHamperes  will  be 
necessary. 

In  addition  to  a  battery  in  good  working  order,  certain 
qualifications  and  appliances  are  necessary,  among  which  the 
following  are  of  prime  importance : — 

1.  A  plentiful  stock  of  patience. 

2.  A  steady  hand. 

3.  Good  eyesight. 

4.  Proper  electrodes. 

5.  A  pair  of  ciHa  forceps. 

6.  A  chair  with  head-rest. 

Without  the  first  three  natural  qualifications  mentioned  no 
one  should  undertake  the  treatment  of  a  case  of  hypertrichosis 
by  electrolysis.  Defective  eyesight  may  be  aided  by  suitable 
glasses,  but  no  substitutes  can  be  found  for  the  other  two,  and  a 
lack  of  them  disqualifies  one  from  properly  performing  the 
operation. 

The  ordinary  sponge  or  cotton-covered  disk  will  answer  for 
the  positive  electrode.  For  the  negative  a  needle-holder  and 
fine  needle  are  required. 


Fig.  252.— Hardaw ay's  Needle-Holbbr. 


The  holder  shown  in  the  cut  was  devised  by  Dr.  Hard- 
away,  and  is  made  by  the  A.  M.  Leslie  Company,  of  St.  Louis. 
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It  is  very  convenient.  A  fine,  steel  sewing-needle  (No.  12)  may 
be  used,  but  flexible  needles,  made  of  an  alloy  of  platinum 
and  iridium,  are  preferable.  They  are  thinner  than  the  finest 
steel  needles,  never  break,  and  can  be  bent  into  any  shape  de- 
sired. Needle-holders  are  sometimes  made  with  a  key  to  make 
and  break  the  circuit,  but  this  is  no  advantage.  The  needle  is 
attached  to  the  conductmg-wire  from  the  negative  pole  of  the 
battery. 

The  forceps  should  have  an  easy  spring,  with  flat,  lightly 
serrated  jaws,  and  should  not  have  a  catch. 

A  chair  with  a  firm  head-rest  must  be  used.  An  ordinary 
cane-seat  arm-chair,  with  adjustable  head-rest,  answers  the  pur- 
pose as  well  as  a  more  complicated  or  expensive  oculists'  or 
dentists'  chair. 

The  steps  of  the  operation  are  as  follow: — 

The  patient  is  placed  before  a  good  light — avoiding  direct 
sunlight,  unless  modified  by  frosted  glass — and  directed  to  take 
hold  of  the  handle  of  the  sponge  electrode,  the  sponge,  of  course, 
having  been  previously  moistened.  The  operator  then  sits  a 
little  in  front  of  and  to  the  right  of  the  patient,  and  takes  the 
needle-electrode  in  his  right  hand,  holding  a  pair  of  tweezers 
with  flat,  narrow  jaws  in  his  left.  The  needle  is  then  gently 
insinuated  into  a  follicle  by  the  side  of  the  hair  until  the  bottom 
of  the  follicle  is  reached.  This  is  manifested  by  a  slight  re- 
sistance to  the  onward  passage  of  the  needle.  The  patient  is 
then  directed  to  touch  the  sponge  with  the  other  hand,  thus 
closing  the  circuit.  The  current  will  immediately  pass,  and  the 
electrolytic  action  be  made  manifest  by  a  little  frothing  around 
the  needle.  In  some  skins  also  a  little  wheal  will  be  raised 
about  the  follicle.  In  from  twenty  to  forty  seconds  the  hair 
can  be  extracted  with  the  tweezers  without  the  shghtest  resist- 
ance or  pain.  If  the  hair  does  not  come  away  with  perfect 
ease  the  papilla  has  not  been  destroyed,  and  the  needle  should 
be  permitted  to  remain,  and  the  current  to  pass  a  little  longer. 
The  circuit  is  broken  by  removing  the  hand  from  the  sponge 
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electrode.  This  gives  less  pain  than  if  the  circuit  is  closed  and 
opened  with  the  needle. 

If  the  hairs  are  very  close  together  they  should  not  all  be 
removed  at  the  same  time.  The  hairs  should  be  picked  out 
here  and  there,  otherwise  the  points  of  irritation  will  be  in  too 
close  proximity,  and,  if  sufficiently  intense,  may  produce  small 
areas  of  sloughing  and  leave  scars.  If  the  operation  is  properly 
performed  no  visible  scars  should  remain. 

A  sitting  may  last  from  fifteen  to  thirty  minutes.  Very 
few  operators  can  extend  it  beyond  the  latter  time.  The  sit- 
tings may  be  repeated  every  other  day,  or,  in  cases  where  time 
is  important,  every  day. 

After  the  operation  a  mild  astringent  lotion  may  be  ap- 
phed,  and  the  patient  should  be  directed  to  bathe  the  surface 
operated  upon  several  times  a  day  with  hot  water,  for  five  or 
ten  minutes  at  a  time.  This  tends  to  reduce  any  hypersemia 
which  may  have  been  caused  by  the  operation. 

When  the  hair-papilla  has  been  thoroughly  destroyed  the 
hair  cannot  be  regenerated.  In  most  cases,  however,  a  number 
of  the  hairs  return,  showing  that  the  destruction  of  the  papillae 
has  not  been  complete.  This  happens  in  from  5  to  25  per  cent. 
of  the  hairs  removed,  and  depends  partly  upon  the  skUl  of  the 
operator  and  partly  upon  the  direction  of  the  hairs.  In  some 
cases  the  hair  shaft  in  the  skin  is  so  twisted  that  it  is  almost 
impossible  to  strike  the  papilla.  Such  hairs  often  require  re- 
peated removal  before  they  are  finally  destroyed.  The  greatest 
success  will  usually  be  obtained  on  the  upper  lip  and  chin, 
while  the  hairs  under  the  jaw  will  frequently  return  again  and 
again,  to  the  great  disappointment  of  both  patient  and  physician. 
Partial  failure  should  not  discourage  the  operator.  Persistence 
will  surely  be  rewarded  by  success. 

The  older  the  growth  of  hair,  the  more  satisfactory  will  be 
the  result.  In  young  persons  new  hairs  continually  appear, 
which  sometimes  lead  the  patient  to  think  that  the  operation  is 
unsuccessful,  and  that  all  the  hairs  are  returning.     The  fact  of 
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the  continued  growth  of  the  hair  should  be  explained  to  the 
patient  before  beginning  the  operation.  In  older  persons,  where 
the  growth  is  complete,  the  new  crop  consists  simply  of  those 
hairs  which  had  not  been  destroyed  and  which  grow  out  again. 
A  second  removal  is  followed  by  still  fewer  returns,  and  finally 
complete  success  is  obtained.  In  younger  individuals  this  period 
is  longer  deferred  on  account  of  the  above-mentioned  outgrowth 
of  new  hairs. 

Warts,  Moles,  and  Small  Fibromata  of  the  Skin. — These 
growths  can  be  readily  removed  by  electrolysis  without  leaving 
disfiguring  scars.  The  process  is  not  painful.  The  needle- 
holder  (Fig.  252)  may  be  employed,  but  a  sharp,  steel  needle 
should  be  used  instead  of  the  flexible  platinum  needle.  The 
flat,  lancet-pointed  needle  sold  by  the  instrument-makers  under 
the  name  of  the  "Hagedorn  Needle"  answers  the  purpose  ad- 
mirably. The  base  of  the  growth  is  transfixed  in  various  direc- 
tions, and  the  current  passed  for  a  few  minutes  each  time.  The 
punctured  tissues  turn  pale,  and  slight  frothing  occurs  around 
the  needle.  In  most  cases  the  growth,  if  a  wart,  mole,  or  papil- 
lary growth,  dries  into  a  brownish  crust  and  drops  off  in  the 
course  of  a  week  or  ten  days,  leaving  a  slightly  pigmented  spot 
which  soon  acquires  the  natural  color  of  the  surrounding  skin. 

Moles,  or  pigmented  neevi  of  large  size,  may  be  effectually 
removed  by  this  method,  leaving  little  if  any  disfigurement. 
Currents  of  two  to  six  milliamperes  may  be  used. 

Milium  and  Small  Wens. — These  growths  are  successfully 
fully  treated  by  negative  galvano-puncture.  The  centre  of  the 
growth  is  first  punctured  and  the  base  of  the  sac  touched  at  a 
number  of  points  with  the  needle.  Weak  currents,  one  to  three 
milliamperes,  are  sufficient  for  the  purpose. 

Angioma  and  Teleangiectasis. — The  minute,  ampulla-form 
dilatation  of  a  vessel  with  radiating  branches — the  so-called 
"spider  naevus" — can  always  be  readily  destroyed  by  means  of 
electrolysis.  The  needle  (negative)  is  plunged  into  the  centre 
of  the  dilated  vessel,  the  circuit   closed  with  the  anode,  and 
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the  current  (2  to  3  milliamperes)  allowed  to  pass  until  tlie 
red  or  brown  color  has  given  place  to  a  grayish  discoloration. 
The  current  is  then  reversed  for  a  minute  or  two,  making  the 
needle-electrode  positive.  This  insures  a  firmer  clot  in  the  vessel 
and  prevents  subsequent  haemorrhage.  In  the  course  of  a  week 
the  vessel  is  usually  obliterated  and  the  blemish  has  disappeared. 

Flat,  vascular  nsevi  (port-wine  mark)  and  cavernous  angio- 
mata  of  the  lip  or  other  portions  of  the  body  are  amenable 
to  the  same  course  of  treatment.  Complete  success  in  the  re- 
moval of  these  blemishes  requires,  however,  much  patience  on 
the  part  of  both  physician  and  patient. 

Hypertrophic  Scars  and  Keloid. — Multiple  galvano-puncture 
of  the  disfiguring  scars  sometimes  remaining  after  strumous 
and  syphilitic  ulcers,  or  hypertrophic  small-pox  or  vaccination 
cicatrices,  will  generally  produce  much  improvement.  In  true 
keloid.  Dr.  W.  A.  Hardaway,  of  St.  Louis,  and  Dr.  L.  Brocq,  of 
Paris,  have  reported  success  with  the  same  method. 

Epitfie/ioma  and  Sarcoma. — ^In  malignant  new  formations 
the  mild,  destructive  action  of  electrolysis  has  not  been  much 
relied  upon  heretofore,  but  there  is  reason  to  believe  that  an  in- 
telligent use  of  the  method  will  render  resort  to  the  knife  or 
cautery  less  necessary.  Thorough  electrolysis  of  the  base  of  a 
cancerous  or  sarcomatous  growth  can  be  accomplished  if  suffi- 
cient attention  be  given  to  the  operation,  and  the  process  seems 
to  produce  some  trophic  modification  of  the  tissues  which  ren- 
ders a  return  of  the  growths  less  liable  to  occur  than  after  the 
use  of  the  knife.  This  subject  deserves  a  more  careful  study 
than  has  heretofore  been  given  it  by  surgeons  or  electro-thera- 
peutists. 

When  large  growths  are  operated  upon  it  is  frequently  ad- 
visable to  use  a  needle-electrode  connected  with  each  pole  of  the 
battery  and  to  plunge  both  needles  into  the  tumor.  In  this  way 
the  resistance  to  the  current  is  very  much  diminished  and  the 
result  is  more  rapidly  obtained.  Care  must  be  taken,  however, 
to  limit  the  electrolytic  action  to  the  pathological  tissue,  unless 
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the  growth  is  malignant,  when  a  portion  of  the  normal  tissue 
should  also  be  destroyed  to  prevent  recurrence. 

Lupus  and  Lupus  Erythematosus. — Hardaway,  who  has 
pointed  out  so  many  directions  in  which  the  electrolytic  method 
has  proven  useful  in  dermatology,  was  the  first  to  try  its  effect 
in  lupus  erythematosus,  making  multiple  punctures  in  the 
morbid  tissue.  The  success  was  excellent.  Like  success  was 
obtained  in  lupus  vulgaris.  Gartner  has  employed  electrolysis 
successfully  in  lupus.  He  uses  a  flat  metal  electrode  to  produce 
a  superficial  slough.  This  is  repeated  until  the  neoplasm  is 
entirely  destroyed. 

Punctiform  galvano-causty  with  the  wire  point  is  also  used 
successfully  in  lupus. 

Elephantiasis  Arabum. — Beard  and  Rockwell  give  the  his- 
tory of  a  case  of  elephantiasis  arabum  in  which  great  improve- 
ment followed  the  use  of  the  constant  current.  Since  1877, 
Professor  Silva  Araujo,  of  Pio  de  Janeiro,  has  treated  upward  of 
four  hundred  cases  with  this  agent.  He  studied  the  effects  of 
electricity  upon  this  morbid  condition  in  connection  with  Pro- 
fessor Moncorvo,  of  the  same  city.  The  accompanying  plates 
show  successive  stages  of  improvement  in  a  case  under  the  treat- 
ment as  practiced  by  them.  The  patient  came  under  treatment 
in  1879,  and  was  discharged  practically  cured  in  1885.  The 
success  in  this  case  and  in  others  reported  by  Silva  Araujo 
should  encourage  physicians  to  persevere  in  this  treatment  in 
suitable  cases.  The  method  is  as  follows :  At  intervals  electrol- 
ysis is  employed ;  one,  two,  or  three  needles  connected  with  the 
negative  pole  are  inserted  in  the  densest  portion  of  the  hyper- 
trophied  tissue,  the  anode  being  placed  upon  the  skin  near  by. 
The  needles  are  insulated  to  near  their  points.  Ten-minute 
sittings  are  the  rule,  the  needles  being  withdrawn  and  re-inserted 
in  another  place.  During  the  intervals  between  the  electrolytic 
sittings  daily  applications  of  the  constant,  followed  by  the  fara- 
dic  currents,  fifteen  minutes  each,  are  made.  Massage  is  also 
practiced,  followed  by  the  pure  India-rubber  bandage  to  the 
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limb.     The  massage  may  be  combined  with  the  electricity  by 
using  the  roller-electrode  (Fig.  206). 

In  the  foregoing  pages  the  authors  have  attempted  to  give 
a  complete  view  of  the  science  of  electricity  and  its  practical  ap- 
plications in  medicine  and  surgery.  They  are  aware  that  the 
work  has  many  shortcomings,  but  trust  that  every  statement  made 
will  bear  investigation  and  criticism.  Less  attempt  has  been 
made  to  include  everything  written  upon  the  subject  than  that 
nothing  untrue  should  be  contained  within  the  covers  of  the 
book.  If,  by  its  publication,  the  means  at  command  to  relieve 
disease  or  its  effects  have  been  extended  it  will  be  suiScient  re- 
ward. In  taking  leave  of  their  readers,  they  desire  to  address 
to  them  the  final  words  of 'Professor  Erb  :*  "It  will  be  a  source 
of  gratification  if  your  interest  in  the  numerous  scientific 
problems  which  await  solution  in  this  field  has  been  awakened, 
and  it  will  be  a  stdl  greater  pleasure  should  you  personally 
contribute  by  your  work  to  the  advancement  of  Scientific 
Electro-Therapeutics.  " 

*  Elektrotherapie,  2te  aufl.,  1886, 
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Useful  Tables  and  Formula. 


Current  strenoth 


Ohni's  Law. 

Electro-motive  force 


Resistance, 

Electro-motive  force  =  Current  strength  X  resistance. 

Electro-motive  force 

Resistance      .        .     =  — :;; ; -; 

Current  strength. 

Current  OUainable  from  any  Number  of  Cells  Joined,  n  in  Series, 

m  in  Multiple. 

m  n  E 

Current  =  • 

B  -\-  m  r 

Where — 

E  =  Electro-motive  force  of  one  cell. 

B  =  Resistance  of  one  cell. 

r  =  External  resistance. 

FRENCH   AND  ENGLISH   MEASURES. 

Length. 
1  inch        .        .        .        .     =  25.3995    millimetres. 
1  foot         ....==       .30479  metre, 
lyard        .         .         .         .     =      .91438       " 
1  mile        .        .        .        .    =    1.6093    kilometres. 

Capacity. 
1  pint        .        .        .         .    =      •56*76  litre. 
1  gallon     .         .         .         .     =     4.541    litres. 
1  bushel     .        .        .        .     =  36.328      " 

Weight. 
1  grain  (Avoir.)         .         .     =  .0648  gramme. 

1  ounce      "  .         .     =      28.35      grammes. 

1  pound     «'  .        .     =  .4536        " 

1  ton  "  .        .    =  1016.  kilos. 
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Scale 

10  CIEU 


• 

• 

■ 

n 

1 

2 

3 

4. 

5 

4  inches. 

6 

7 

8 

9 

10 

1                  1                  1 

Pleasures  of  Length. 
1  millimetre  (mm.)    ,         .     =  .03937  inch  (about  2^5  in.) 


1  centimetre 
1  decimetre 
1  metre 
1  kilometre 

1  milligramme 
1  centigramme 
1  decigramme, 
1  gramme  . 
1  kilogramme 


Measui 


=  .8937      " 

=  8.937    inches. 

=         89.871        " 
=  89371.  " 

es  of  Weight. 

=  .01548  grain  (Avoir). 

■  =  .15482       "  " 

=  1.5432    grains         " 

=         15.482  "  " 

=  15482. ,  "  " 


Eesistance  of  Mixtures  of  Siil2^hia-ic  Acid  and  Water  at  22°  G.  in  Terms 
of  Mercury  at  0°  G.  {according  to  Kohlrausch  and  Nippoldt). 


Specific  Gravity 

Percentage 

Resistance  at  22°  C. 

at  18.5°  C. 

H2SO4. 

Mercury  =  1. 

0.9985 

0.0 

746,800 

1.0000 

0.2 

465,100 

1.0504 

8.8 

84,580 

1.0989 

14.2 

18,946 

1.1481 

20.2 

14,990 

1.2045 

28.0 

18,138 

1.2681 

85.2 

13,182 

1.8168 

41.5 

14,286 

1.8547 

46.0 

15,762 

1.8994 

50.4 

17,726 

1.4482 

55.2 

20,796 

1.5026 

60.3 

25,574 

One  ampere  flowing  during  one  second  decomposes  of 

Silver, 1.117  milligrammes. 

Copper,         .         . .       .         .       .329  milligramme. 
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George   B.  Peescott,  Jr.'s  Table  or   Dimensions   and  Resistances   op 

Pure  Copper  Wire. 


Calculated  on  the  basis  of  Dr.  Mattliiessen's  standard,  viz.  :  1  mile  of  pure  copper  wire  of  1-16  in. 
diam.  equals  13.59  ohms  at  15.5°  C.  or  59.6°  Fahr. 
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Table  of  Resistances 

. 

Silver  annealed, 1.899 

Silver  hard-drawn,  . 

2.062 

Copper  annealed,     . 

2.01T 

Copper  hard-drawn, 

2.063 

Gold  annealed. 

2.598 

Gold  hard-drawn,     . 

2.644 

Aluminium  annealed, 

3.6T8 

Zinc  compressed,     . 

1.105 

Platinum  annealed, . 

.       11.435 

Iron  annealed. 

12.27 

Lead  compressed,    . 

.       24.18 

Mercury  liquid 

.     120.11 

German  silver. 

.       26.43 

The  resistances  are  in  ohms,  and  refer  to  a  length  of  100  metres 
of  wire  whose  diameter  is  1  mm. 

Change  of  Resistance  of  lletals  with  Change  of  Temperature. 
Silver,       .         .         .     .0031  to  .0041  per  ohm  (degree  C). 
Copper,    .         .         .     .0039  "  " 

Iron,         .         .         .     .0045  «  " 

German  silver, .         .     .00028  to  .00044  "  " 

That  is,  one  ohm  of  copper  wire  will  become  1.0039  ohms  when  the 
temperature  is  raised  one  degree  centigrade ;  and  three  ohms  German 
silver  will  become  3.00084  to  3.00132  ohms  for  one-degree-centigrade  rise 
of  temperature. 


INDEX. 


Abductor  pollicis  longus,  180 
Abortion,  352 
Acne,  366 

rosacea,  366 
Acute  articular  rheumatism,  302 
Agalactia,  364 
Alopecia,  366 

Alterations  of  electrical  irritability,  196 
Alternating  currents,  30 
Amaurosis,  311 
Amblyopia,  311 
Amenorrhcea,  329 
AuEesthesia,  290 

of  larynx  and  pharynx,  291 
Anchylosis,  304 
Auelectrotonus,  146 
Aneurism,  317 
Angina  pectoris,  300,  317 
Angioma  of  eyelids,  306 

of  the  skm,  371 
Angioneuroses,  365 
Anterior  thoracic  nerve,  174 
Aphasia,  316 
Aphonia,  316 

Aphthongia,  316 

Apostoli's  method  in  endometritis,  332 

method  in  inflammation  of  the  uterus 
and  adnexa,  337 

Articular  effusions,  303 
neuroses,  290 

Ascending  currents,  146 

and  descending  currents,  252 

Ascites,  327 

Asphyxia,  316 

Asthenopia,  309 

Athetosis,  282 

Atony  of  the  stomach,  322 

Atresia  of  the  vagina,  352 

Atrophy  of  testicle,  361 

Atypical  reaction  of  degeneration,  203 

Auditory  nerve,  effects  of  the  current  upon, 
155 

Average  galvanic  irritability,  193 
faradic  irritability,  192 

Axillary  nerve,  175 

Baily  current  regulator,  236 
Batteries  for  medical  purposes,  219 
Bell's  paralysis,  199,  201 
Biceps  femoris,  184 
muscle  175 


Bichromate  batteries,  225 
Bipolar  bath,  254 
Bladder,  reactions  of,  160 
Blepharitis,  308 
Blepharospasm,  292 
Brachial  plexus,  174 
Brain  galvanization,  258 

reactions  of,  to  electric  currents,  156 
Brenner's  formula  of  contraction,  148 
Buccinator,  168 
Bulbar  paralysis,  278 
Bunsen  cell,  101 

Capacity,  16 

Catalytic  effects  of  currents  257 

Cataphoresis,  256 

Cataract,  310 

Catarrh  of  middle  ear,  314 

Catelectrotonus,  146 

Cautery  batteries,  240 

electrodes,  244 
Central  galvanization,  253 
Cerebral  anemia,  276 

haemorrhage,  277 

hyperemia,  276 

syphilis,  278 
Cervico-brachial  neuralgia,  288 
Cervico-occipital  neuralgia,  288 
Chalazion,  308 
Change  of  resistance  of  metals  with  change 

of  temperature,  378 
Chart  of  electrical  reactions,  195 

showing  reaction  of  degeneration  196 
Chloride  of  silver  battery,  102,  228 
Chorea,  282 

Chromate  of  potash  cell,  102 
Chronic  articular  rheumatism,  303 

urethritis,  356 
Coil  distance,  189 
Combinational  arrangement,  105 
Commutator,  232 
Comparative  tables  of  metric  and  English 

weights  and  measures,  375,  376 
Condensers,  17 

Conductors  and  non-conductors,  6 
Constant  infinitesimal  currents,  260 
Constipation,  324 
Constrictors  of  pharynx,  171 
Co-ordination  neuroses,  283 
Corneal  affections,  309 
Corrugator  muscles,  164 
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Cough,  292 
Current,  15,  27 

controller,  235 

selector,  231 
Currents  of  faradic  machine,  190 
Cystoscope,  213 

Daniell  cell,  98 

Decomposition  of  metals  by  electricity,  376 
Deficient  secretion  of  cerumen,  313 
Density  of  current  in  the  body,  152 
Descending  currents,  146 
Diabetes,  327 

Diagnosis  of  sensory  disturbances,  205 
Diagnostic  significance  of  reaction  of  degen- 
eration, 204 
Dilatation  of  the  heart,  317 
Diminished  electrical  irritability,  197 
Diphtheritic  paralysis,  299 
Diseases  of  muscles  and  joints,  301 

of  the  abdominal  organs,  321 

of  the  choroid,  310 

of  the  ear,  311 

of  the  eye,  305 

of  the  female  generative  apparatus,  327 

of  the  glands,  362 

of  the  iris,  310 

of  the  lens,  310 

of  the  male  genito-urinary  organs,  355 

of  the  nose,  315 

of  the  respiratory  organs,  316 

of  the  retina,  311 

of  the  skin,  365 

of  the  stomach,  322 

of  the  sympathetic  system,  300 

of  the  tongue,  315 
Distribution  of  electricity  over  the  surface 

of  conductors,  10 
Dorso-intercostal  neuralgia,  289 
Du  Bois-Reymond  coil,  228 

on  muscle  currents,  145 
Duration  of  sittings,  263 
Dynamo  machine  for  medical  work,  242 
Dynamometers,  78 
Dysmenorrhcea,  329 

Ear,  electrical  reactions  of,  209 

Earth  a  large  magnet,  56 

Ectropion,  308 

Eczema,  365 

Effects  of  electric  currents  upon  the  skin,  154 

Electnc  bath,  253 

light  in  diagnosis,  209 

organ  of  fishes,  145 

scourge,  238 
Electrical  scale,  5 

stimulation  of  muscles,  150 

stimulation  of  sensory  nerves,  150 

tetanus,  148 

units,  117 
Electricity  in  diseases  of  the  brain,  275 


Electricity  in  obstetrics,  352 

Electrode  for  testing  cutaneous  sensibility, 
206 

Electrodes,  236 

Electro-diagnosis,  187 

Electro-diagnostic  record,  195 

Electro-magnet  for  removing  foreign  bodies 
from  the  eye,  305 

Electro-massage,  265 

Electro-motive  force,  14 

Electro-motor  for  surgical  work,  245 

Electro-muscular  sensibility,  207 

Electro-static  machines,  23 

Electro-thermometry,  216 

Electrolysis,  45 

of  organic  tissues,  255 

Electrolytic  analysis,  216 

Electrotonus,  145 

Elephantiasis  arabum,  373 

Endometi'itis,  332 

Engelmann's  faradic  battery,  230 

Enlarged  lymphatic  glands,  362 

Entropion,  308 

Epilepsy,  281 

Epithelioma,  372 

Equal  quantities  of  positive  and  negative 
electricity,  and  value  of  force  act- 
ing, 5 

Eciuipotential  surfaces,  15 

Erb's  diagrams  of  varying  density  of  cur- 
rents, 152 
point,  175 

Exophthalmic  goitre,  281 

Extensor  muscles  of  forearm,  180 

External  oblique  muscle,  182 

Extra-uterine  pregnancy,  350 

Eye,  electrical  reactions  of,  208 

Eyelids,  new  growths  of,  307 

Facial  nerve,  motor  points  of,  162 

paralysis,  199,  201,  296 
Faraday's  views  and  lines  of  force,  10 
Faradic  batteries,  228 

electricity,  263 

reaction  of  degeneration,  204 
Faure's  cell,  110 
Fibroids  of  the  uterus,  344 
Fixation  electrode,  240 
Flexor  muscles  of  arm,  176 

of  leg,  185 
Foreign  bodies  in  the  eye,  305 
Formula  for  Ohm's  law,  375 

of  contraction,  148 
Frequency  of  sittings,  265 
Friction al  machines,  24 
Frontalis  muscle,  contraction  of,  163 
Functional  impotence,  360 

Gall-bladder,  reactions  of,  160 
Galvanic  dosage,  261 
Galvanization  at  the  neck,  158 
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Galvanization  of  the  sympathetic,  158 
Galvano-cautery,  266 
Galvano-faradization,  265 
Galvanometers,  65 
Gastroscope,  215 
General  faradization,  263 

galvanization,  252 

neuroses,  279 

therapeutic  effects  of  electricity,  251 
Genito-crural  neuralgia,  289 
Glow  lamps,  138 
Goitre,  363 
Grove  cell,  100 
Gustatory  nerve  reactions,  156 

Hasmorrhoids,  325 

Heart,  reactions  of,  to  electric  currents,  158 

Heating  effects  of  the  current,  43 

Hemianesthesia,  291 

Herpes  zoster,  366 

Histological  changes  in  reaction  of  degenera- 
tion, 202 

Hydrocele,  362 

Hydrocephalus,  278 

Hyperesthesia  of  paralyzed  muscles,  295 

Hypertrichosis,  367 

Hypertrophic  callus  and  periostoses,  304 
scars,  372 

Hypertrophy  of  prostate,  360 

Hypochondria,  280 

Hypoglossal  paralysis,  298 

Hypopion,  310 

Hjsteria,  280 

Hysterical   anesthesia   and   hyperesthesia, 
291 
paresthesia  of  the  throat  and  larynx, 
316 

Incontinence  of  urine,  359 
Increased  electrical  irritability,  197 
Indifferent  electrode,  188 
Induction,  8 

balance,  216 

coils,  87 

of  electric  currents,  82 

of  labor,  354 
Indurations  of  mammary  gland,  364 
Influence  machines,  26 
Integument,  effects  of  currents  upon,  153 
Intermittent  currents,  29 
Internal  oblique,  182 
Intestinal  canal,  reactions  of,  159 

obstruction,  323 
Iritis,  310 
Irritability  of  the  urethra,  356 

Jaundice,  326 

Keith  on  Apostoli's  method  in  fibroids,  346 
Keloid,  372 
Keratitis,  309 


Kidneys,  effects  of  currents  upon,  160 
Kirchhoff's  law,  36 

Laryngeal  muscles,  174 

paralysis,  298 
Laryngoscope,  214 
Lateral  thoracic  nerve,  174 
Latissimus  dorsi,  182 
Lead-colic,  323 
Levator  anguli  scapule,  173 

lab.  sup.  al.  nasi,  167 

lab.  sup.  proprius,  167 

menti,  169 
Ley  den  jars,  18 
Lichen  planus,  366 
Lines  of  magnetic  force,  54 
Lingual  muscles,  170 
Liver,  effects  of  currents  upon,  160 
Local  faradization,  264 

galvanization,  255 
Locomotor  ataxia,  285 
Lumbo-abdominai  neuralgia,  289 
Lumbricales  muscles,  179 
Lupus,  373 

erythematosus,  373 

Magnetic  action  of  the  electric  current,  60 

induction,  57 
Magneto  therapy,  272 
Masseter  muscle,  170 
Median  nerve,  175 
Meningeal  hemorrhage,  284 

inflammations,  278 
Menorrhagia,  335 
Method,  reading  galvanometer  deflections,  77 

of  testing  electrical  reactions,  194 
Methods  of  local  galvanization,  258 
Metritis,  335 
Metrorrhagia,  335 
Microphone,  140 
Migraine,  288 
Milium,  371 
Milliamperemeter,  233 
Mitchell  on  electro-muscular  sensibility,  207 
Moles,  371 
Morphoea,  366 

Morton's  pistol-electrode,  271 
Motor  points  of  von  Ziemssen,  161 
Motors  and  dynamos,  125 
Movable  table  battery,  223 
Miiller  and  Stintzing  on  galvanic  dosage,  262 
Multiple-arc  arrangement,  105 
Muscle  currents,  145 
Muscles  of  the  trunk,  181 
Muscular  cicatrices  and  contractures,  302 

paralyses  and  atrophies,  300 

rheumatism,  301 
Musculo-cutaneous  nerve,  175 
Myalgia,  301 
Mydriasis,  309 
Myelitis,  285 
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Nervous  asthma,  307,  316 

cough,  292 

deafness,  313 

dyspepsia,  321 
Neuralgia,  286 
Neurasthenia,  279 
Neuritis  and  perineuritis,  300 
Neuroses  of  joints,  304 

of  stomach  and  intestines,  321 
Nodular  rheumatism,  303 
"Normal  electrode"  of  Erb,  188 
Normal  faradic  reaction,  191 

Obturator  nerve,  184 

(Esophagus,  reactions  of,  159 

Ohm's  law,  32 

Olfactory  nerve  reactions,  156 

One-fiuid  batteries,  96 

Opponens  pollicis,  178 

Optic  nerve,  effects  of  currents  upon,  155 

Orbicularis  oris,  167 

palpebrarum,  166 
Orchitis,  361 
Otoscope,  214 
Ovarian  tumors,  349 

Palpitation  of  the  heart,  301 
Paralysis,  293 

of  muscles  of  deglutition,  298 

of  ocular  muscles,  308 

of  spinal  accessory  nerve,  298 

of  the  bladder,  359 

of  the  extremities,  299 

of  trunkal  muscles,  299 
Parametritis,  335 
Parasitic  diseases.  367 
Partial  reaction  ot  degeneration,  203 
Parturition,  354 
Periarthritic  swellings,  304 
Perimetritis,  335 

Pfliiger's  "  Law  of  Contraction,"  147 
Phrenic  nerve,  173 

reactions,  158 
Piano-players'  cramp,  283 
Piffard's  cautery  battery,  214 
Plante  type  of  cell,  109 
Platysma  myoides,  171 
Pneumogastric  nerve,  174 
Polarization,  46 
Polarizing  current,  146 
Poliomyelitis,  286 
Portable  medical  batteries,  225 
Posterior  leg-muscles,  186 

thoracic  nerve,  174 
Potential,  13 

energy,  16 

galvanometers  or  voltmeters,  74 
Primary  batteries,  95 
"  Privy-councillor's  muscle,"  170 
Prognostic  significance  of  reaction  of  degen- 
eration, 205 


Prognostic  significance  of  reaction  of  degen- 
eration in  paralysis,  294 
Prolapsus  ani,  324 
Pseudo-hypertrophy  of  muscles,  301 
Psoriasis,  366 
Psychoses,  278 
Puerperal  hemorrhage,  353 

Quadratus  menti,  169 

Radial  nerve,  180 

Ranney's  static  machine,  247 
Reaction  of  degeneration,  196,  198 
Rectus  abdominis,  181 
Reflex  vomiting,  322 
Resistance  coils,  rheostats,  etc.,  130 

of  organic  tissues,  151 
Rheophores,  236 
Rheostat,  235 
Rheotome,  233 
Rheumatic  gout,  303 
Roberts'  osteotome,  245 
"  RoUenabstand,"  189 
Ruhmkorff  induction  apparatus,  87 

Salpingitis,  335 
Salpingo-ovaritis,  335 
Sarcoma,  372 
Sciatica,  289 
Sciatic  nerve,  184 
Scleroderma,  366 
Sclerosis  of  the  brain,  278 

of  the  spinal  cord,  285 
Seminal  emissions,  360 
Sensory  zones,  206 
Series  arrangement,  104 
Shunts,  71 
Singultus,  292 
Sneezing,  292 
Spasms  and  contractures,  291 

of  the  extremities,  292 

of  the  eyelids,  308 

of  the  face,  292 
Specific  inductive  capacity,  17 
Spermatorrhoea,  360 
Spider  nasvus,  371 
Spinal  apoplexy,  285 

congestion,  284 

cord,  reaction  of,  to  electric  currents, 
157 

galvanization,  259 

irritation,  284 

meningitis  and  pachymeningitis,  284 
Spleen,  effects  of  currents  upon,  160 

enlargement  of,  326 
Standard  induction  coil,  191 
Static  breeze,  270 

electricity,  4 

induced  current,  270 

insulation,  267 

shock,  268 
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static  spark,  268 

Stationary  batteries,  220 

Steady  currents,  29 

Stenosis  of  the  cervix,  330 

Sterno-cleido-mastoid,  172 

Stimulation  of  motor  nerves,  147 

Stomach,  reactions  of,  159 

Storage  batteries,  or  accumulators,  107 

cautery  batteries,  242 
Stricture  of  nasal  duct,  811 

of  the  rectum,  324 

of  the  urethra,  356 
Subaural  galvanization,  158,  260 
Supra-clavicular  point,  175 
Swelling  faradic  currents,  265 
Switch-board  for  electric  bath,  224 
Switches,  134 

Symbols  used  in  electro-therapeutics,  149 
Sympathetic  nerve,  reactions  of,  to  electric 

currents,  158 
Syphilitic  paralysis,  299 

Tabes  dorsalis,  285 
Tabetic  anesthesia,  291 
Table  of  resistance  of  acid  mixtures,  376 
of  copper  wire,  377 
of  various  metals,  378 
Teleangiectasis,  371 
Telegraphers'  cramp,  283 
Telephone,  139 

in  diagnosis,  215 
Temperature  due  to  contraction  of  muscle, 

150 
Temporal  muscle,  170 
Tensor  vagina  femoris,  182 
Testing  electrodes,  188 
Tetanus,  283 
Tetany,  283 
Thermo-electricity,  122 
Thomsen's  disease,  301 
Tibialis  anticus,  185 
Tic  convulsif,  292 

douloureux,  287 
Tinnitus  aurium,  312 
Torticollis,  292 


Total  quantity  of  magnetism  is  zero,  53 
Toxic  paralysis,  300 
Transversalis  muscle,  182 
Trapezius  muscle,  172 
Traumatic  anesthesia,  291 

arthritis,  304 

muscular  atrophy,  302 
Tremor,  283 
Triangularis  menti,  169 
Trichiasis,  307 
Trifacial  neuralgia,  287 
Trigeminal  ansesthesia,  290 
Trophic  effects  of  currents,  257 
Tumors  of  mammary  gland,  364 
Two-fluid  batteries,  98 

Ulcers,  367 

Ulnar  nerve,  176 

Unipolar  bath,  254 

"  Unit"  electrode  of  Stintzing,  188 

Ureters,  reactions  of,  161 

Urethra,  reactions  of,  160 

Urethral  caruncle,  352 

Urethroscope,  212 

Uterine  displacements,  343 

tumors,  344 
Uterus,  reactions  of,  160 
Uvula,  171 

Varicocele,  361 

Vasomotor  effects  of  currents,  257 
Velum  palati,  171 
Vertigo,  282 
Voltaic  alternatives,  149 
Vomiting  of  pregnancy,  322 
Von  Ziemssen's  experiments  on  cardiac  re- 
actions, 158 

Warts,  371 
Wens,  371 

Wheatstone's  bridge,  40 
Writers'  cramp,  283 

Zygomaticus  major,  165 
minor,  166 
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jiuthoritieK  on  the  science  in  the  United  States,  treats  fully  such  topics  of  interest  as 
Storage  Batteries,  Dynamos,  the  Electric  Light,  and  the '  Principles  and  Practice  of 
Electrical  Measurement  in  their  relations  to  Medical  Practice. 

Professor  Kobe,  who  writes  on  Electro-Therapeutics,  discusses  at  length  the  recent 
developments  of  Electricity  in  the  treatment  of  stricture,  enlarged  prostate,  uterine 
fibroids,  pelvic  cellulitis,  and  other  diseases  of  the  male  and  female  genito-urinary  organs. 

The  applications  of  Electricity  in  dermatology,  as  well  as  in  the  diseases  of  the 
nervous  system,  are  also  fully  considered. 

THE  SECOND  VOLUME  IN  THE  PHYSICIANS'  AND  STUDENTS' 
READY  REFERENCE  SERIES. 


Materia  MedieaJhaFiaeji,  and  TiieFapeuties 

By  OUTHBERT  BCWEN,  M.D.,  B.A., 

Editor  of  "  Notes  on  Practice." 


KXTRACT  FROM  THE  PREFACE.— "While  this  isessentially  a  Student's  Manual,  alarge 
amount  of  matter  has  been  incorporated  which,  it  is  hoped,  will  render  it  a  useful  reference-book  to  the  young 
GRADUATE  who  is  just  entering  on  his  professional  career,  and  more  particularly  the  individual  whose  sphere 
uf  work  demands  a  more  practical  acquaintance  with  pharmaceutical  processes  than  is  required  of  the  ordi- 
nary city  practitioner.  Great  care  has  been  taken  throughout  the  book  lo  familiarize  the  student  with  the 
best  methods  of  administering  the  various  drugs  he  will  be  called  upon  to  use,  and  with  this  object  a  large 
number  of  standard  prescriptions  have  been  selected  from  the  works  of  the  most  eminent  authorities,  which 
he  can  either  adopt,  with  modifications  to  suit  particular  cases,  or  use  as  models  on  which  to  construct  his  own 
formulae."  


This  excellent  manual  comprises  in  its  366  small 
octavo  pages  about  as  much  sound  and  valuable  in- 
I'orjnatioa  on  the  subjects  indicated  in  its  title  as 
could  well  be  crowded  into  the  compass.  The  book 
is  exhaustively  and  correctly  indexed,  and  of  a  con- 
venient form.  The  paper,  press-work,  and  binding 
are  excellent,  and  the  typography  (long  primer  and 
brevier)  is  highly  to  be  commended,  as  opposed  to 
tlie  nonpareil  and  agate  usually  used  incompendsof 
this  sort,  and  which  are  destructive  to  vision  and 
temper  alike. — Si.  Louis  Med.  and  Surg.  your. 

In  going  through  it,  we  have  been  favorably  im- 
pressed by  the  plain  and  practical  suggestions  in 
regard  to  prescription  writing,  and  the  metric  sys- 
tem, and  the  other  things  which  must  be  known  in 
order  to  write  good  and  accurate  prescriptions. — 
Medical  and  Surgical  Reporter. 

Many  works  claim  more  in  their  title-pages  than 
can   be  verified   further   on,   but  the   only  adverse 


criticism  we  can  make  on  this  volume  is  that  it  does 
not  claim  enough. — Southern  California  Prac- 
titioner. 

The  book  is  one  of  the  very  best  of  its  class. — 
Colutnbus  Medical  Journal. 

This  is  a  very  condensed  and  valuable  resume 
of  the  drugs  recognized  by  the  United  States  Phar- 
macopoeia, and  all  the  officinal  and  important 
preparations. — Southern  Medical  Record. 

Dr.  Bowen's  work  is  a  very  valuable  one  indeed, 
and  will  be  found  "  to  fill  a  want  "  beyond  a  doubt. 
— Cincinnati  Medical  News. 

It  is  short  and  concise  in  its  treatment  of  the 
subjects,  yet  it  gives  sufficient  to  gain  a  very  correct 
knowledge  of  everything  that  comes  under  this  head- 
ing. This  is  a  ready  work  for  the  country  physician, 
who  must  of  necessity  have  a  more  practical  acquain- 
tance with  pharmaceutical  processes. — Medical 
Bri'?/. 


One   12mo  volume  of  370  pages.        Handsomely  Bound    in   Dark-Blue   Cloth. 

Price,   post-paid,  in  the  United    States  and    Canada,  $1.40,  net; 

in  Great  Britain,  6s.  6d.;  in  France,  9  fr.  25. 
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Bashore's  Improved  Clinical  Chart. 

For  the  SEPARATE  PLOTTING  of  TEMPERATURE,  PULSE,  and  RESPIRATION. 

Designed  for  the  Convenient,   Accurate,   and  Permanent  Daily  Recording  of  Cases  in 
Hospital  and  Private  Practice. 

By  HARYEY  B.   BASHORH,   M.D. 


COPyKIGHTEB,  1888,  BY  F.  A.  DAVIS. 

SO  Oliarts,  in  Ta,"blet  I^oram.  Size,  S2s:12  incites. 


Price,  in  the  United  States  and  Canada,  Post-paid,  50  Cents, 
Net ;  Great  Britain,  2s.  6d. ;  Prance,  3  fr.  60. 

The  above  diagram  is  a  little  more  than  one-fifth  (1-5)  the  actual  size  of  the  chart  and  shows  the 
method  of  plotting,  the  upper  curve  being  the  Temperature,  the  middle  the  Pulse,  and  the  lower  the 
Respiration.     By  this  method  a  full  record  of  each  can  easily  be  kept  with  but  one  color  ink 

It  is  so  arranged  that  all  practitioners  will  find  it  an  invaluable  aid  in  the  treatment  of  their  patients. 

On  the  back  of  each  chart  will  be  found  ample  space  conveniently  arranged  for  recording  "Clinical 
History  and  Symptoms  "  and  "Treatment." 

By  its  use  the  physician  will  secure  such  a  complete  record  of  his  cases  as  will  enable  him  to  review 
them  at  any  time.  Thus  he  will  always  have  at  hand  a  source  of  individual  improvement  and  benefit  in 
the  practice  of  his  profession,  the  value  of  which  can  hardly  be  overestimated. 


(F.  A.  DAVIS,  Medical  Publisher,  Philadelphia,  Pa.,  U.S.A.) 
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ON 


The  Physician  Himself 


AND  THINGS  THAT  CONCERN 


HIS  REPUTATION  AND  SUCCESS. 


D.    W.    CATHELL,    M.D., 

BALTIMORE,  MD. 

Being   the   NINTH   EDITION   (Enlarged  and    Thoroughly   Revised)    of  the    'PHYSICIAN 

HIMSELF,  AND  WHAT  HE  SHOULD  ADD  TO  HIS  SCIENTIFIC  ACQUIREMENTS 

IN  ORDER  TO  SECURE  SUCCESS." 


In  One  Handsome  Octavo  Volume  of  298  Pages,  Bound  in  Estra  Cloth. 

Price,  Post-paid,  in  United  States  and  Canada,  $2.00,  Net;  Great 

Britain,  8s.  6d. ;  France,  12  fr.  40. 


This  remarkable  book  has  passed  through  eight  (8)  editions  in  less 
than  live  years,  has  met  with  the  unanimous  and  hearty  approval  of  the 
Fro/ession,  and  is  practically  indispensable  to  every  young  graduate 
Avho  aims  at  success  in  his  chosen  profession.  It  has  just  undergone  a 
thorough  revision  b3^  the  author,  who  has  added  much  new  matter  cover- 
ing many  points  and  elucidating  man}^  excellent  ideas  not  included  in 
former  editions.  This  unique  book,  the -only  complete  one  of  the  kind 
ever  written,  will  prove  of  inestimable  pleasure  and  value  to  the  practi- 
tioner of  manj'^  years'  standing,  as  well  as  to  the  young  physician  who 
needs  just  such  a  work  to  point  the  way  to  success. 

We  give  below  a  few  of  the  many  unsolicited  letters  received  by 
the  author,  and  extracts  from  reviews  in  the  Medical  Journals  of  the 
former  editions  : 


"  '  The  Physician  Himself  is  an  opportune  and 
most  useful  book,  which  cannot  fail  to  exert  a  good 
influence  on  the  morale  and  the  business  success  of 
the  Medical  profession." — Frojn  Prof.  Roberts 
Biirtiiolow,  PJiiladelphia,  Pa. 

"I  have  read  'The  Physician  Himself  with 
pleasure — delight.  It  is  brimful  of  medical  and 
social  philosophy;  every  doctor  in  the  land  can 
study  it  with  pleasure  and  profit.  I  wish  I  could 
have  read  such  a  work  thirty  years  ago." — From 
Prof.   John  S.  Lynch,  Baltunore,  Md. 

"'The  Physician  Himself  interested  me  so 
much  that  I  actually  read  it  through  at  one  sitting. 
It  is  brimful  of  the  very  best  advice  possible  for 
medical  men.  I,  for  one,  shall  try  to  profit  by  it." — 
Prom  Pro/.   William  Goodell,  Philadelpliia. 

"  I  would  be  glad  if,  in  the  true  interest  of  the 
professian  in  'Old  England/  some  able  practitioner 
here  would  prepare  a  work  for  us  on  the  same  line  as 
'The  Physician  Himself.'" — Frojii  Dr.  Jukes  de 
Styrap,  Shrewsbury ,  England. 

"  I  am  most  favorably  impressed  with  the 
wisdom  and  force  of  the  points  made  in  '  The  Phy- 
sician Himself,'  and  believe  the  work  in  the  hands 
of  a  young  graduate  \W11  greatly  enhance  his  chances 
for  professional  success." — From  Prof.  D.  Hayes 
Agnew,  Philadelphia,  Pa. 

"  This  book  is  evidently  the  production  of  an 
unspoiled  mind  and  the  fruit  of  a  ripe  career.  1 
admire  its  pure  tone  and  feel  the  value  of  its  practi- 
cal points.  How  I  wish  I  could  have  read  such  a 
guide  at  the  outset  of  my  career!" — From  Prof. 
James  Nevins  Hyde,  Chicago,  III. 

"It  contains  a  great  deal  of  good  sense,  well 
expressed." — From  Prof .  Oliver  Wendell Hobnes, 
Harvard  University. 


"  'The  Physician  Himself  is  useful  alike  to  the 
tyro  and  the  sage — the  neophyte  and  the  veteran.  It 
is  a  headlight  in  the  splendor  of  whose  beams  a 
multitude  of  our  profession  shall  find  their  way  to 
success." — From  Prof.  J.  J/.  Bodine,  Dean  Uni- 
versity of  Louisville. 

"It  is  replete  with  good  sense  and  sound  phi- 
losophy. No  man  can  read  it  without  realizing  that 
its  author  is  a.Christian,  a  gentleman,  and  a  shrewd 
observer." — From  Prof.  Ed-ward  Warren  (Bey), 
Chevalier  of  the' Legion  of  Honor,  etc.,  Paris, 
France. 

"I  have  read  'The  Physician  Himself,'  care- 
fully. I  find  it  an  admirable  work,  and  shall  advise 
our  Janitor  to  keep  a  stock  on  hand  in  the  book  de- 
partment of  Bellevue." — From  Prof.  William  T. 
Lusk,  New  York. 

"  It  must  impress  all  its  readers  with  the  belief 
that  it  was  written  by  an  able  and  honest  member  of 
the  profession  and  for  the  good  of  the  profession." — 
From  Prof.   W.  H.  Byford,  Chicago,  III. 

"It  is  marked  with  good  common  sense,  and 
replete  with  excellent  maxims  and  suggestions  for 
the  guidanceof  medical  men." — From  The  British 
Medical  Journal,  Londo?i. 

"  We  strongly  advise  every  actual  and  intend- 
ing practitioner  of  medicine  or  surgery  to  have 
'  The  Physician  Himself,'  and  the  more  it  influences 
his  future  conduct  the  better  he  will  be." — From 
The  Canada  Medical  and  Surgical  Journal, 
Montreal. 

"  We  would  advise  every  doctor  to  well  wo^h 
the  advise  given  in  this  book,  and  govern  his  con. 
duct  accordingly." — From  The  Virginia  Medical 
Monthly. 
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AN  IMPORTANT  PUBLICATION  OF  GREAT  VALUE  TO  THE  MEDICAL 
AND   LEGAL   PROFESSIONS. 


Spinal  Concussion: 

Surgically  Considered  as  a  Cause  of  Spinal  Injury,  and  Neurologi- 

cally  Restricted  to  a  Certain  Symptom  Group,  for 

■which  is  Suggested  the  Designation 

ERICHSEN'S  DISEASE,  AS  ONE  FORM  OF  THE  TRAUMATIC  NEUROSES. 


S.   V.    CLEVKNOKR,   IVE.D., 

CONSULTING   PHYSICIAN    REESE   AND   ALEXIAN   HOSPITALS;     LATE    PATHOLOGIST    COUNTY    INSANE   ASYLUM, 
CHICAGO;    MEMBER  OF  NUMEROUS    AMERICAN  SCIENTIFIC  AND  MEDICAL  SOCIETIES  ;    COLLABORATOR 
AMERICAN    NATURALIST,   ALIENIST     AND    NEUROLOGIST,    JOURNAL    OF    NEUROLOGY    AND 
PSYCHIATRY',  JOURNAL  OF  NERVOUS  AND  MENTAL  DISEASES;    AUTHOR  OF  "COM- 
PARATIVE PHYSIOLOGY  AND  PSYCHOLOGY, ""ARTISTIC  ANATOMY,"  ETC. 


For  more  than  twenty  years  this  subject  has  occasioned  bitter  con- 
tention in  law  courts,  between  ph^'sicians  as  well  as  attorney's,  and  in 
that  time  no  w^ork  has  appeared  that  reviewed  the  entire  field  judicially 
until  Dr.  Clevenger's  book  was  written.  It  is  the  outcome  of  five  years' 
speeial  study  and  experience  in  legal  circles,  clinics,  hospital  nnd  private 
practice,  in  addition  to  twenty  years'  labor  as  a  scientific  student,  writer, 
and  teacher. 

The  literature  of  Spinal  Concussion  has  been  increasing  of  late  years 
to  an  unwiekh'^  shape  for  the  general  student,  and  Dr.  Clevenger  has  in  tliis 
work  arranged  and  reviewed  all  that  has  iDeen  done  by  observers  since 
tlie  days  of  Eriehsen  and  those  who  preceded  him.  The  dift'erent  and 
sometimes  antagonistic  views  of  many  authors  are  fully  given  from  the 
writings  of  Eriehsen,  Page,  Oppenheim,  Erb,  Westphal,  Abercrombie. 
Sir  Astley  Cooper,  Boyer,  Charcot,  Leyden,  Rigier,  Spitzka,  Putnam, 
Knapp,  Dana,  and  many  other  European  and  American  students  of  the 
subject.  The  small,  but  important,  work  of  Oppenheim,  of  the  Berlin 
University,  is  fully  translated,  and  constitutes  a  chapter  of  Dr.  Cleven- 
ger's book,  and  reference  is  made  wherever  discussions  occurred  in 
American  medico-legal  societies. 

There  are  abundant  illustrations,  particularl}-  for  Electro-diagnosis, 
and  to  enable  a  clear  comprehension  of  the  anatomical  and  pathological 
relations. 

The  Chapters  are :  1.  Historical  Introduction ;  II.  Eriehsen  on 
Spinal  Concussion  ;  III.  Page  on  Injuries  of  the  Spine  and  Spinal  Cord: 
lY.  Recent  Discussions  of  Spinal  Concussion  ;  Y.  Oppenheim  on  Trau- 
matic Neuroses ;  YI.  Illustrative  Cases  from  Original  and  all  other 
Sources;  YII.  Traumatic  Insanity;  YIII.  The  Spinal  Column;  IX. 
Symptoms ;  X.  Diagnosis  ;  XI.  Pathology  ;  XII.  Treatment  ;  XIII. 
Medico-legal  Considerations. 

Other  special  features  consist  in  a  description  of  modern  methods 
of  diagnosis  by  Electricity,  a  discussion  of  the  controA^ers^'^  concerning 
hysteria,  and  the  author's  original  pathological  view  that  the  lesion  is 
one  involving  the  spinal  sympathetic  nervous  system.  In  this  latter 
respect  entirely  new  ground  is  taken,  and  the  diversity  of  opinion  coh- 
cerning  the  functional  and  organic  nature  of  the  disease  is  afforded  a 
basis  for  reconciliation. 

Every  Physician  and  Lawyer  should  oivn  this  loork. 

In  one  handsome  Royal  Octavo  Volume  of  nearly  400  pages,  with 
Thirty  Wood-Engravings.  Net  price,  in  United  States  and  Canada, 
$2.50,  post-paid  ;  in  Great  Britain,  lis.  3d. ;  in  France,  15  fr. 
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JUST  READY-A  NEW  AND  IMPORTANT  WORK. 


KSSAY 


MEDICAL  PNEDMATOLOGY I AEROTHERAPY: 

A  PRACTICAL  INVESTIGATION  OF  THE  CLINICAL  AND   THERAPEUTIC  VALUE 

OF  THE  GASES  IN  MEDICAL  AND  SURGICAL  PRACTICE,  WITH  ESPECIAL 

REFERENCE  TO  THE  VALUE  AND  AVAILABILITY  OF 

OXYGEN,  NITROGEN,  HYDROGEN,  AND  NITROGEN  MONOXIDE. 

By  d.   N.   DEMARQUAY, 

Surgeon  to  the  Municipal  Hospital,  Paris,  and  of  the  Council  of  State ;  Member  of  the  Imperial  Society 

of  Surgery;  Correspondent  of  the  Academies  of  Belgium,  Turin,  Munich,  etc.  ;  Officer 

of  the  Legion  of  Honor  ;  Chevalier  of  the  Orders  of  Isabella-the- 

Catholic  and  of  the  Conception,  of  Portugal,  etc. 

TRANSLATED,  WITH  NOTES,  ADDITIONS,  AND  OMISSIONS, 

By    SAMUEL   S.   WALLIAN,    A.M.,    M.D., 

Member  of  the  American  Medical  Association  ;  Ex-President  of  the  Medical  Association  of  Northern  New 
York;  Member  of  the  New  York  County  Medical  Society,  etc. 


In  one  Handsome  Octavo  Volume  of  316  Pages,  Printed  on  Fine  Paper,  in  the  Best 
Style  of  the  Printer's  Art,  and  Illustrated  with  21  Wood-Cuts. 

United  States.        Canada  (duty  paid).        Great  Britain.  France. 

NET  PRICE,  CliOTH,  Post-paid,        $2.00  $2.20  8s.  6d.  12  fr.  40 

>^-KUSSIA,      "  3.00  3.30  13s.  18  fr,  60 


For  some  years  past  there  has  been  a  growing  demand  for  something  more  satisfac- 
tory and  more  practical  in  the  way  of  literature  on  the  subject  of  what  has,  by  common 
consent,  come  to  be  termed  "  Oxygen  Therapeutics."  On  all  sides  professional  men  of 
standing  and  ability  are  turning  their  attention  to  the  use  of  the  gaseous  elements  about 
us  as  remedies  in  disease,  as  well  as  sustainers  in  health.  In  prosecuting  their  inquiries, 
the  first  hindrance  has  been  the  want  of  any  reliable,  or  in  any  degree  satisfactory, 
literature  on  the  subject. 

Purged  of  the  much  quackery  heretofore  associated  with  it,  Aerotherapy  is  now 
recognized  as  a  legitimate  department  of  medical  practice.  Although  little  noise  is  made 
about  it,  the  use  of  Oxygen  Gas  as  a  remedy  has  mci-eased  in  this  country  within  a  few 
years  to  such  an  extent  mat  in  New  York  City  alone  the  consumption  for  medical  pur- 
poses now  amounts  to  more  than  300,000  gallons  per  annum. 

This  work,  translated  in  the  main  from  the  French  of  Professor  Demarquay,  contains 
also  a  very  full  account  of  recent  English,  German,  and  American  experiences,  prepared 
by  Dr.  Samuel  S.  Wallian,  of  New  York,  whose  experience  in  this  field  antedates  that  of 
any  other  American  writer  on  the  subject. 

Plain  Talks  on  Avoided  Subjects. 

— BY — 

HENRY  N.  GUERNSEY,  M.D., 

Formerly  Professor  of  Materia  Medica  and  Institutes  in  the  Hahnemann  Medical  College  of  Philadelphia; 

Author  of  Guernsey's  "  Obstetrics,"  including  the  Disorders  Peculiar  to  Women  and 

Young  Children  ;  Lectures  on  Materia  Medica,  etc. 


IN  ONE  NEAT  16mo  VOLUME.     BOUND  IN  EXTRA  CL,OTH.     Price,  Post-paid,  in 
United  States  and  Canada,  $1.00 ;  Great  Britain,  4s.  6d. ;  France,  6  fr.  30. 


This  is  a  little  volume  designed  to  convey  information  upon  one  of  the  most  important  subjects  con- 
nected with  our  physical  and  spiritual  well-being,  and  is  adapted  to  both  sexes  and  all  ages  and  conditions 
of  society  ;  in  fact,  so  broad  is  its  scope  that  no  human  being  can  well  afford  to  be  without  it,  and  so  com- 
prehensive in  its  teachings  that,  no  matter  how  well  informed  one  may  be,  something  can  yet  be  learned  from 
this,  and  yet  it  is  so  plain  that  any  one  who  can  read  at  all  can  fully  understand  its  meaning. 

The  Author,  Dr.  H.  N.  Guernsey,  has  had  an  unusually  long  and  extensive  practice,  and  his  teachings  in 
this  volume  are  the  results  of  his  observation  and  actual  experience  with  all  conditions  ©f  human  life. 

His  work  is  warmly  indorsed  by  many  leading  men  in  all  branches  of  professional  life,  as  well  as  by 
many  whose  business  connections  have  caused  them  to  be  close  observers. 

The  following  Table  of  Contents  shows  the  scope  of  the  book : — 

CONTENTS.  Chapter  I. — Introductory.  IL — The  Infant.  IIL — Childhood.  IV. — Adoles- 
cence OF  the  Male.  V. — Adolescence  of  the  Female.  VI. — Marriage  :  The  Husband.  VII. — 
'^'he  Wife.     VIII. — Husband  and  Wife.     IX. — To  the  Unfortunate.     X. — Origin  op  the  Sex. 
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INE^W    E»IXION= 


Lessons  in  Gynecology. 

By  WILLIAM  GOODELL,  A.M.,  M.D.,  Etc., 

Professor  of  Clinical  Gynecology  in  the  University  of  Pennsylvania. 

'With.  112  Illustrations.     Third  Edition,  Thoroughly  Revised  and  Greatly   Enlarged. 
ONE  VOLUME,  LARGE  OCTAVO,  578  PAGES. 


This  exceedingly  valuable  work,  from  one  of  the  most  eminent  specialists  and  teachers  in  gynecology 
in  the  United  States,  is  now  offered  to  the  profession  in  a  much  more  complete  condition  than  either  of  the 
previous  editions.  It  embraces  all  the  more  important  diseases  and  the  principal  operations  in  the  field  of 
gynecology,  and  brings  to  bear  upon  them  all  the  extensive  practical  experience  and  wide  reading  of  the 
author.  It  is  an  indispensable  guide  to  every  practitioner  who  has  to  do  with  the  diseases  peculiar  to 
womeB. 

Fig.  44. 


Natural  Position  of  the  Womb  When  the  Bladder  ls  Fuli.- 
After  Briesky. 


These  lessons  are  so  well  known  that  it  is  en- 
tirely unnecessary  to  do  more  than  to  call  attention 
to  the  fact  of  the  appearance  of  the  third  edition. 
It  i.s  too  good  a  book  to  have  been  allowed  to  remain 
out  of  print,  and  it  has  unquestionably  been  missed. 
The  author  has  revised  the  work  with  special  care, 
adding  to  each  lesson  such  fresh  matter  as  the  prog- 
ress in  the  art  rendered  necessary,  and  he  has  en- 
larged it  by  the  insertion  of  six  new  lessons.  This 
edition  will,  without  question,  be  as  eagerly  sought 
for  as  were  its  predecessors. — American  Journal 
of  Obstetrics. 

The  former  editions  of  this  treatise  were  well 
received  by  the  profession,  and  there  is  no  doubt 
that  the  new  matter  added  to  the  present  issue  makes 
it  more  useful  than  its  predecessors. — Netv  York 
Medical  Record. 

His  literary  style  is  peculiarly  charming.    There 


is  a  directness  and  simplicity  about  it  which  is  easier 
to  admire  than  to  copy.  His  chain  of  plain  words 
and  almost  blunt  expressions,  his  familiar  compari- 
son and  homely  illustrations,  make  his  writings,  like 
his  lectures,  unusually  entertaining.  The  substance 
of  his  teachings  we  regard  as  equally  excellent.— 
Phila.  Medical  and  Surgical  Reporter 

Extended  mention  of  the  contents  of  the  book  is 
unnecessary:  suffice  it  to  say  that  every  important 
disease  found  in  the  female  sex  is  taken  up  and  dis- 
cussed in  a  common-sense  kind  of  a  way  We  wish 
every  physician  in  America  could  read  and  carry 
out  the  suggestions  of  the  chapter  on  "  the  sexual  re- 
lations as  causes  of  uterine  disorders — conjugal 
onanism  and  kindred  sins."  The  department  treat- 
ing of  nervotis  counterfeits  of  uterine  diseases  is 
a  most  valuable  one.  —  Kansas  City  Medical 
Indejc. 


Price,  in  United  States  and  Canada,  Cloth,  $5.00;  Pull  Sheep,  $6.00.    Discount,  20  per 

cent.,  making  it,  net.  Cloth,  $4.00;  Sheep,  $4.80.    Postage,  27  Cents  eztra.    Great 

Britain,  Cloth,  18s. ;  Sheep,  £1.2s.,  post-paid,  net.    Prance,  30  fr.  80. 
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AMERICAN    RESORTS, 

WITH  NOTES  UPON  THEIR  CLIMATE 

IBy  ZBXJSMII^OXD    -^JT.    trjSS-KEES,  jRs..3XE.,   IXE.rD., 

Jlemter  of  the  Americiin  Association  for  the  Advancement  of   Science,   the  American  Publio  Health  Association,   the 

Pennsylvania  Historical  Society,  the  Franklin  Institnte,  and  the  Academy  of  Natural  Sciences,  Philadelphia; 

the  Society  of  Alaskan  Natural  History  and  Ethnology,  Sitka,  Alaska,  etc. 

WITH  A  TRANSLATION  FROM  THE  GERMAN,  BY  MR.  S.  KAUFFMANN, 

•f  those  chapters  of  "  Die  Klimate  der  Erde"  written  by  Dr.  A.  Woeikof,  of  St.  Petersburg,  Russia,  that 
relate  to  North  and  South  America  and  tljyislands  and  oceans  contiguous  thereto. 


In  One  Octavo  Volume.      Handsomely  Bound  in   Cloth.      Nearly  300  Pages.     Price, 
Post-paid,  in  U.  S.  and  Canada,  S2.00,  net.    Great  Britain,  8s.  6d.    France,  13  fr.  40. 


This  is  a  unique  and  valuable  work,  and  useful  to  physicians  in  all  parts  of  the  country.  It  is  just  such 
:a  volume  as  the  Medical  Profession  have  stood  in  need  of  for  many  years.  We  mention  a  few  of  the  merits 
it  possesses:  First.  List  of  all  the  Health  Resorts  of  the  country,  arranged  according  to  their  climate. 
Second.  Contains  just  the  information  needed  by  tourists,  invalids,  and  those  who  visit  summer  or  winter 
resorts.  Third.  The  latest  and  best  large  railroad  map  for  reference.  Fourth.  It  indicates  the  climate 
each  one  should  select  for  health.  Fifth.  The  author  has  traveled  extensively,  and  most  of  his  suggestions 
are  practical  in  reference  to  localities. 


Taken  altogether,  this  is  hy  far  the  most  complete  ex- 
position of  the  subject  of  resorts  that  has  yet  been  put 
forth,  and  it  is  one  that  every  physician  must  needs  possess 
intelligent  information  upon.  We  predict  a  large  demand 
for  this  useful  and  attractive  book. — Buffalo  Med.  and 
Surg.  Jour. 

The  special  chapter  on  the  therapeutics  of  climate  .  . 
is  excellent  for  its  precautionary  suggestions  in  the  selec- 
tion of  climates  and  local  conditions,  with  reference  to 
known  pathological  indications  and  constitutional  predis- 
positions.— The  Sanitarian. 

It  is  arranged  in  sucli  a  manner  that  it  will  be  of  great 
service  to  medical  men  whose  duty  it  often  becomes  to  rec- 
ommend a  health  resort. — N.  W.  Med.  Ja^r. 

A  w^-arranged  map  of  the  United  Sffltes  serves  as  the 
frontispiece  of  the  book ;  and  an  almost  perfect  index  is 
appended,  while  between  the  two  is  an  amount  of  informa- 
tion as  to  places  for  the  health-seeker  that  cannot  be  gotten 
elsewhere.  We  most  cordially  recommend  the  book  to 
travelers  and  to  the  doctor. —  Virginia  Med.  Monthly. 

This  is  a  work  that  has  long  been  needed,  as  there  is 
scarcely  a  physician  who  has  not  had  occasion  to  look  up 
the  authorities  on  climate,  elevation,  dryness,  humidity, 
etc  ,  etc.,  of  the  various  health  resorts,  and  has  had  great 
difficulty  in  finding  reliable  information.     It  certainly 


ought,  as  it  deserves,  to  receive  a  hearty  welcome  from  the 
profession. — Medical  Advance. 

The  book  before  us  is  a  very  comprehensive  volume, 
giving  all  necessary  information  concerning  climate,  tem- 
perature, humidity,  sunshine,  and  indeed  everything  neces- 
sary to  be  stated  for  the  benefit  of  the  physician  or  invalid 
seeking  a  health  resort  in  the  United  States. — Southern 
Clinic. 

This  work  is  extremely  valuable,  owing  to  the  liberal 
and  accurate  manner  in  which  it  gives  information  regard- 
ing the  various  resorts  on  the  A.nerican  continent,  without 
being  prejudiced  in  the  least  in  favor  of  any  particular  one. 
but  giving  all  in  a  fair  manner.  .  .  .  All  physicians 
need  just  such  a  work,  for  the  doctor  is  always  asked  to 
give  information  on  the  subject  to  his  patients.  Therefore, 
it  should  find  a  place  in  every  physician's  library. — The 
Med.  Brief. 

The  author  of  this  admirable  work  has  long  made  a 
study  of  American  climate,  from  the  stand-point  of  a  phy- 
sician, w^ith  a  view  to  ascertaining  the  most  suitable  locali- 
ties for  the  residence  of  invalids,  believing  proper  climate 
to  be  an  almost  indispensable  factor  in  the  treatment,  pre- 
vention, and  cure  of  many  forms  of  disease.  .  .  .  The 
book  evidences  careful  research  and  furnishes  much  useful 
information  not  to  be  found  elsewhere.— Paci/Jfi  Med,.  Jour. 


JUST    PUBLISHED' 


RECOkD-BOOK  OF  MEDICAL  EXAMINATION 

For  Life  Insurance. 


In  examining  for  Life  Insurance,  questions  are  easily  overlooked  and  the  answers  to 
"them  omitted  ;  and,  as  these  questions  are  indispensable,  they  must  be  answered  before  the 
case  can  be  acted  upon,  and  the  examiner  is  often  put  to  much  inconvenience  to  obtain 
this  information. 

The  need  has  long  been  felt  among  examiners  for  a  reference-book  in  which  could  be 
noted  the  principal  points  of  an  examination,  and  thereby  obviate  the  necessity  of  a 
second  visit  to  the  applicant  when  further  information  is  required. 

After  a  careful  study  of  all  the  forms  of  examination  blanks  now  used  by  Insurance 
Companies,  Dr.  J.  M..  Keating  has  compiled  such  a  record-book  which  we  are  sure  will  fill 
this  long-felt  want. 

This  record-book  is  small,  neat,  and  complete,  and  embraces  all  the  principal  points 
that  are  required  by  the  different  companies.  It  is  made  in  two  sizes,  viz.  :  No.  1,  cover- 
ing one  hundred  (100)  examinations,  and  No.  2,  covering  two  hundred  (200)  examina- 
tions. The  size  of  the  book  is  7  x  3J  inches,  and  can  be  conveniently  carried  in  the 
pocket. 


NET    PRICKS,    POST-PAID. 

U.  S.  and  Canada.        Great  Britain. 
No.  1,  For  100  Examinations,  in  Cloth,         -        iS  .50  2s.  6d. 

No.  2,  For  200  Examinations,   in   Full 

JLeather,  with  Side  Flap,  ....        i.oo  4s.  6d. 


France. 
3  fr.  60 
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ILLUSTRATED  BY  PHOTOGRAPHS  AND  WOOD-ENGRAI/INGS. 

About  225  Pages.    8vo.    Bound  in  Olotli.    Price,  post-paid,  in  U.  S. 
and  Canada,  $1.50,  net;  Great  Britain,  6s.  6d. ;  Prance,  9  fr.  35. 


There  are  many  excellent  text-books  on  children's  diseases,  but  they  have  failed  to  give  a  satisfactory 
account  of  the  diseases  of  the  heart  ;  and,  indeed,  as  far  as  known,  this  work  of  Keating  and  Edwards'  now 
presented  to  the  profession  is  the  only  systematic  attempt  that  has  been  made  to  collect  in  book  form  the 
abundant  material  which  is  scattered  throughout  medical  literature  in  the  form  of  journal  articles,  clinical 
lectures,  theses,  and  reports  of  societies. 

The  authors  have  endeavored,  in  their  difficult  task,  to  collect  these  valuable  materials  and  place  them 
within  easy  reach  of  those  who  are  interested  in  this  important  subject.  That  they  have  succeeded  will,  we 
believe,  be  conceded  by  all  who  obtain  and  make  use  of  their  very  valuable  contribution  to  this  hitherto 
neglected  field  of  medical  literature. 

An  appendix,  entitled  "  Clinical  Studies  on  the  Pulse  in  Childhood,"  follows  the  index  in  the  book,  and 
will,  we  are  sure,  be  found  of  much  real  value  to  every  practitionerof  medicine.  The  work  is  madeavailable- 
for  ready  reference  by  a  well-arranged  index.  'We  append  the  table  of  contents  showing  the  scope  of  the; 
book : — 


Chapter  I. — The  Methods  of  Study — Instruments — 
Foetal  Circulation — Congenital  Diseases  of  the 
Heart — Malformations — Cyanosis. 

Chapter  II. — Acute  and  Chronic  Endocarditis — 
Ulcerative  endocarditis. 

Chapter  III. — Acute  and  Chronic  Pericarditis. 

Chapter  I'V. — The  treatment  of  Endo-  and  Peri- 
carditis— Paracentesis  Pericardii — Hydropericar- 
dium — Hsemopericardium — Pneumopericardium. 

Chapter  V. — Myocarditis — Tumors,  New  Growths, 
and  Parasites 

Chapter  'VI.— 'Valvular  Disease:  Mitral,  Aortic, 
Pulmonary,  and  Tricuspid. 


Chapter  'VII. — General  Diagnosis,  Prognosis,  and 
Treatment  of  Valvular  Disease. 

Chapter  'VIII. —  Endocarditis — Atheroma  —  Aneu- 
rism. 

Chapter  IX. — Cardiac  Neuroses — Angina  Pectoris 
— Exophthalmic  Goitre. 

Chapter  X. — Diseases  of  the  Blood:  Plethora, 
Anasmia,  Chlorosis,  Pernicious  Anaemia,  Leu- 
kaemia—Hodgkin's  Disease — Haemophi]ia,Throm- 
bosis,  and  Embolism. 

INDEX. 

APPENDIX.— Clinical  Studies  on  the  Pulse. 
IN  Childhood. 


Drs.  Keating  and  Edw.ards  have  produced  a  work  that 
will  give  material  aid  to  every  doctor  in  his  practice  among 
children.  The  style  of  the  hook  is  graphic  and  pleasing, 
the  diagnostic  points  are  explicit  and  exact,  and  the  thera- . 
peutioal  resources  include  the  novelties  of  medicine  as  well 
as  the  old  and  tried  agents.— Pitt«hiir<ih  Mexl.  Review. 

A  very  attractive  and  vahialile  work  has  been  given  to 
tile  medical  profession  by  Drs.  Keating  and  Edwards._  in 
their  treatise  on  the  diseases  of  the  heart  and  circulation 
in  infancy  and  adolescence,  and  they  deserve  the  greatest 
credit  for  the  admirable  manner  in  which  they  have  col- 
lected, reviewed,  and  made  itse  of  the  immense  amount  of 
material  on  this  important  subject. — ArcJiives  of  Pediatrics. 

The  plan  of  the  work  is  the  correct  one,  viz.,  the  sup- 
plementing of  the  observations  of  the  better  class  of  prac- 
titioners by  tlie  experience  of  those  who  have  given  the 
subject  sj'stematic  attention. — Medical  Age. 


It  is  not  a  mere  compilation,  but  a  systematic  treatise, 
and  bears  evidence  of  considerable  labor  and  observation  on 
the  part  of  the  authors.  Two  iine  photographs  of  dissec- 
tions exhibit  mitral  stenosis  and  mitral  regurgitation  ; 
there  are  also  a  number  of  wood-cuts. — Cleveland  MedicaC 
Gazette.  * 

As  the  works  upon  diseases  of  children  give  little  or  no 
attention  to  diseases  of  the  heart,  this  work  of  Drs.  Keat- 
ing and  Edwards  will  supply  a  want.  'We  think  that 
there  will  be  no  physician,  who  takes  an  interest  in  the 
afTections  of  young  folks,  who  will  not  wish  to  consult  it. 
—  Cincinnati  Med.  News. 

The  work  takes  up,  in  an  able  and  scientific  manner, 
diseases  of  the  heart  in  children.  This  is  a  part  of  the 
field  of  medical  science  which  has  not  been  cultivated  to- 
the  extent  that  the  importance  of  the  subject  deserves.— 
Canada  Lancet, 


(F.  A.  DAVIS,  Medical  Publisher,  Pitiladelptiia,  Pa.,  U.S.A.) 


PERPETUAL  CLINICAL  INDEX 

TO 

MATERIA    MEDICA,   CHEMISTRY,    AND    PHARMACY  CHARTS. 
By  A.  H.  KELLER,  Ph.G.,  M.D. 

Consisting    of   (1)    the  "Perpetual  Clinical  Index,"  an   oblong    volume,    9x6    inclies> 
neatly  bound  in  extra  Cloth  ;  (3)  a  Chart  of  "Materia  Medica,"  33x44  inches, 
mounted  on  muslin,  ■with  rollers  ;  (3)  a  Chart  of  "  Chemistry  and  Phar- 
macy," 33  x44  inches,  mounted  on  muslin,  with  rollers. 

United  States.        Canada  (duty  paid).       Great  Britain.  France. 

Net  Price  for  the  Complete  Work,      $5.00  $5.50  £l.ls.         30fr.  30 


Read  the  Pollowing  Description  and  Esplanation  of  the  Work : 

In  presenting  the  objects  and  advantages  of  these  Charts  and  "  Perpetual  Clinical  Index"  it  becomes 
■ecessarj'  to  state  that  the  Author's  many  years'  experience  as  a  physician  and  Pharmacist  enables  him 
to  produce,  in  terse  language,  a  volume  of  facts  that  must  be  of  inestimable  value  to  the  busy  physician  and 
pharmacist,  or  to  any  student  of  either  profession.  He  has  endeavored  to  describe  all  that  have  borne  inves. 
ligation  up  to  date. 

The  system  will  prove  to  be  of  great  value  in  this,  that  so  little  labor  will  be  required  to  add  new 
investigation  as  fast  as  may  be  gathered  from  new  books,  journals,  etc.  The  classification  is  alphabetical 
and  numerical  in  arrangement,  and  serves  so  to  unite  the  various  essentials  of  Botany,  Chemistry,  and 
Materia  Medica,  that  the  very  thought  of  the  one  will  readily  associate  the  principal  properties  and  uses,  as 
well  as  its  origin. 

The  ''MATERIA  MEDICA"  CHART,  in  the  first  place,  aids  at  a  glance:  ist,  Botanical  or 
U.  S.  P.  Name;  2d,  The  Common  Name ;  -^d,  Natural  Order  ;  4th,  Where  Indigenous  ;  5th,  Principal  Con- 
.stituent:  6th,  Part  Used — herbs,  leaves,  flowers,  roots,  barks,  etc.  ;  7th,  Medicinal  Properties — mainly  con- 
sidered; 8th,  The  Dose — medium  and  large.  ' 

On  this  Chart  there  are  475  first  names  ;  Section  A.  is  numbered  from  i  to  59,  each  section  commencing 
with  the  capital  letter,  and  having  its  own  numbers  on  both  left-hand  and  right-hand  columns,  to  prevent 
mistakes  in  lining  out,  all  in  quite  large  type.  In  the  centre  of  the  Chart,  occupying  about  6  inches  in 
width,  is  a  term  index  of  common  names.     In  the  second  column  of  Chart,  like  this ; 

Aconite  Leaves, 4  A. 

Then  by  reference  to  4  A  in  first  column,  you  there  find  the  Botanical  or  U.  S.  P.  Name.     On  this  Chart  is 
also  fomid  a  brief  definition  of  the  terms  used,  under  the  heading  "  Medicinal  Properties." 

The  "CHE31ISTKY"  CHAKT  takes  in  regular  order  the  U.  S.  Pharmacopoeia  Chemicals,  with 
the  addition  of  many  new  ones,  and  following  the  name,  the  Chemical  Formula,  the  Molecular  Weight,  and 
next  the  Origin.  This  is  a  brief  but  accurate  description  of  the  essential  points  in  the  manufacture  :  The 
Dose,  medium  and  large;  next.  Specific  Gravity;  then,  whether  Salt  or  Alkaloid;  next.  Solubilities,  by 
abbreviation,  in  Water,  Alcohol,  and  Glycerine,  and  blank  columns  for  solubilities,  as  desired. 

.A^lkaloids  and  Concentrations  are  tabulated  with  reference  numbers  for  the  Perpetual  Clinical  Index,  giving 
Medicinal  Properties,  Minute  Dose  and  Large  Dose      For  example.  Alkaloids  and  Concentkatioks  : 


Medicinal  Properties.  Minute  DgsE.  Large  Dose. 


(a)  Aconitine. 


Narcotic  and  Apyretic.  1-500  gr.  |  1-16  gr. 


Following  this.  Preparations  of  the  Pharmacopoeia,  each  tabulated.     For  example  : 

TINCTURAL. 


TiNCTURA. 


Aconite. 
;  Tartaric  Acid,  60  f  P. 


5}i  oz.  to  24  gr. 


I  to  3  drops. 


*  60  Fineness  of  PoM-der  as  per  U.  S.  P. 

t  P.  Macerate  24  hours.     Percolate,  adding  Menetruum  to  complete  (1)  pint  tincture. 


They  are  all  thus  abbreviated,  with  a  ready  reference  head-note. 

Next,  'Thermometers,  Metric  Table  of  Weights,  Helps  to  the  Study  of  Chemistry,  Examples  in  Work- 
ing Atomic  Molecular  Formulae.  Next,  Explanation  of  Terms  Used  in  Columns  of  Solubilities,  List  of 
Most  Important  Elements  Now  in  Use,  and  Definitions  or  Terms  Frequently  Used  in  Chemistry  and 
Pharmacy. 

The  "PEKPETUAI.  CLINICAL  INDEX"  is  a  book  6  by  9  inches,  and  one-half  inch  thick. 
It  contains  135  pages,  divided  as  follows  (opposite  pages  blank)  : 

The  Index  to  Chemistry  Chart  occupies  two  pages ;  Explanations,  Abbreviations,  etc.,  forty  pages,  with 
diseases,  and  v/ith  an  average  of  ten  references  to  each  disease,  leaving  room  for  about  forty  more  remedies 
for  each  disease.  The  numbers  refer  to  the  remedies  used  in  the  diseases  by  the  most  celebrated  physicians 
and  surgeons,  and  the  abbreviations  to  the  manner  in  which  theji-  are  used.  Eight  pages,  numbered  and 
bracketed,  for  other  diseases  not  enumerated.  The  Materia  Medica,  Explanations,  Abbreviations,  and 
Remedies  suggested  for,  occupy  twenty-six  pages.  For  Abbreviated  Prescriptions,  seventeen  blank  pages. 
Then  the  Index  to  Alkaloids  and  Concentrations.  These,  already  enumerated,  with  their  reference,  number 
six  blank  tabulated  pages,  for  noting  any  new  Alkaloids  and  Concentrations.  Then  the  Chemistry  Index, 
giving  the  same  number  as  on  Chart,  with  Name,  Doses,  Specific  Gravity,  Salt  or  Alkaloid  in  the  same 
line,  as  for  e.xample  : 


Name.  Doses.  Specific  Gravity.  Salt  or  Alkaloid. 


Memorand.\. 


This  Memoranda  place  is  for  Physicians'  or  Pharmacists'  reference  notes ;  and  with  the  addition  of 
several  tabulated  blank  pages,  in  which  to  add  any  new  chemical,  with  doses,  etc.  The  remaining  sixteen 
pages  for  Materia  Medica  Index,  leaving  blanks  following  each  other  for  new  names  and  reference  numbers. 

To  show  the  ready  and  permanent  use  of  the  "Perpetual  Clinical  Index"  of  the  "Chemistry"  and 
"Pharmacy"  Charts  or  Index  in  the  book,  suppose  the  Physician  reads  in  a  book  or  journal  that  Caffeine 
Citras  is  useful  in  the  disease  Chorea,  and  he  wishes  to  keep  a  permanent  record  of  that,  he  refers  to  the 
Chart,  and  if  it  does  not  already  appear  there,  it  can  be  placed  opposite  and  numbered,  and  thereafter  used 
for  reference.  But  we  find  its  permanent  number  is  No.  99,  so  he  will  write  down  in  the  line  left  blank  for 
future  use  in  his  book,  in  line  already  used,  runnmg  parallel  with  other  reference  numbers  in  Chorea,  the 
No.  99,  and  immediately  under  he  can  use  the  abbreviation  in  the  manner  in  which  it  is  given.  Though 
years  may  have  passed,  he  can  in  a  moment,  by  referring  there,  see  that  No.  99  is  good  for  Chorea.  If  fail- 
ing to  remember  what  No.  99  is,  he  glances  at  the  Chart  or  Index.  He  sees  that  No.  99  is  Caffeine  Citras, 
and  he  there  learns  its  origin  and  dose  and  solubility,  and  in  a  moment  an  intelligent  prescription  can  be 
•onstructed. 

(F.  A.  DAVIS,  Medical  Publisher,  Philadelphia,  Pa.,  U.S. A. J  U 


New  Edition  of  an  Important  and  Timely  Work  Just  Published. 

Electricity  in  the  Diseases  of  ^omen, 

With  Special  Reference  to  the  Application  of  Strong  Currents. 

By  G.  BETTON  MASSEY,  M.D., 

Physician  to  the  Gynecological  Department  of  Howard  Hospital ;  Late  Electro-Therapeutist  to  the  Phila- 
delphia  Orthopaedic   Hospital  and   Infirmary   for  Nervous    Diseases  ;    Member   of  the  American 
Neiu-ological  Ass'n,  of  the  Philadelphia  Neurological  Society,  of  the  Franklin  Institute,  etc. 


WITH  NEW  AND  ORIGINAL  WOOD-ENGRAVINGS.     HANDSOMELY  BOUND  IN  CLOTH.     OVER  200  PAGES. 

12mo.        Price,   in  United  States  and  Canada,   $1.50,  net,   post-paid. 

In  Great  Britain,  6s.  6d.    In  France,  9  fr.  35. 


This  work  is  presented  to  the  profession  as  the  most  complete  treatise  j'^et  issued  cm 
the  electrical  treatment  of  diseases  of  women,  and  is  destined  to  fill  the  increasing  demand 
for  clear  and  practical  instruction  in  the  handling  and  use  of  strong  currents  after  the 
recent  methods  first  advocated  by  Apostoli.  The  whole  subject  is  treated  from  the  present 
stand-point  of  electric  science  with  new  and  original  illustrations,  the  thorough  studies  of 
the  author  and  his  wide  clinical  experience  rendering  him  an  authority  upon  electricity 
itself  and  its  therapeutic  applications.  The  author  has  enhanced  the  practical  value  of 
the  work  by  including  the  exact  details  of  treatment  and  results  in  a  number  of  cases 
taken  from  his  private  and  hospital  practice. 


Fig.  is. — Author's  Fibroid  Spear. 


Fig.  i8. — Ball  Electrode  for  Administering  Franklinic  Sparks. 


-COiTTE:3>T1'S- 


Chapter  I,  Introductory  ;  II,  Apparatus  required  in  gynecological  applications  of  the  galvanic  current ; 
HI,  Experiments  illustrating  the  physical  qualities  of  galvanic  currents;  IV,  Action  of  concentrated  gal- 
vanic currents  on  organized  tissues  ;  V,  Intra-uterine  galvano-chemical  cauterization;  VI,  Operative  details 
of  pelvic  electro-puncture;  VII,  The  faradic  current  in  gynecology  ;  VIII,  The  franklinic  current  in  gyne- 
cology ;  IX,  Non-caustic  vaginal,  urethral,  and  rectal  applications  ;  X,  General  percutaneous  applications  in 
the  treatment  of  nervous  women  ;  XI,  The  electrical  treatment  of  fibroid  tumors  of  the  uterus  ;  XII,  The 
electrical  treatment  of  uterine  hemorrhage;  XIII,  The  electrical  treatment  of  subinvolution;  XIV,  The 
electrical  treatment  of  chronic  endometritis  and  chronic  metritis;  XV,  The  electrical  treatment  of  chronic 
diseases  of  the  uterus  and  appendages;  XVI,  Electrical  treatment  of  pelvic  pain;  XVII,  The  electrical 
treatment  of  uterine  displacements ;  XVIII,  The  electrical  treatment  of  extra-uterine  pregnancy ;  XIX, 
The  electrical  treatment  of  certain  miscellaneous  conditions  ;  XX,  The  contra-indications  and  limitations  to 
the  use  of  strong  currents. 

An  Appendix  and  a  Copious  Index,  including  the  definitions  of  terms  used  in  the  work,  concludes 
the  book. 


The  anther  gives  us  what  he  has  seen,  and  of  which 

he  is  assured  by  scientific  study  is  correct We 

are  certain  that  this  little  work  will  prove  helpful  to  all 
physicians  who  desire  to  use  electricity  in  the  management 
of  the  diseases  of  women. — The  American  Lancet. 

To  say  that  the  author  is  rather  conservative  in  his 
ideas  of  the  curative  powers  of  electricity  is  only  another 
way  of  saying  that  he  understands  his  subject  thoroughly. 
The  mild  enthusiasm  of  our  author  is  unassailable,  because 
it  is  founded  on  science  and  reared  with  experience. — The 
Uedical  Analectic. 

The  work  is  well  written,  exceedingly  practical,  and 
can  be  trusted.  We  commend  it  to  the  profession." — Mary- 
land Medical  Journal. 

The  book  is  one  which  should  he  possessed  hy  every 
physician  who  treats  diseases  of  women  by  electricity. — 
The  Brooklyn  Medical  Journal. 

The  departments  of  electro-physics,  pathology,  and 
electro-therapeutics  are  thoroughly  and  admirably  con- 


sidered, and  by  means  of  good  wood-cuts  the  beginner  has 
before  his  eye  the  exact  method  of  work  required. — The 
Medical  Register. 

"  The  author  of  this  little  volume  of  210  pages  ought 
to  have  added  to  its  title,  "  and  a  most  happy  dissertation 
upon  the  methods  of  using  this  medicinal  agent ;  "  for  in 
the  first  100  pages  he  has  contrived  to  describe  tlie  teehni 
of  electrization  in  as  clear  and  happy  a  manner  as  no 
author  has  ever  succeeded  in  doing,  and  for  this  part  of  the 
book  alone  it  Is  almost  priceless  to  the  beginner  in  the 

treatment  with  this  agent The  little  book  is 

worthy  the  perusal  of  every  one  at  all  interested  in  tha 
subject  of  electricity  in  medicine. — The  Omaha  Clinic. 

The  treatment  of  fibroid  tumor  of  the  uterus  will, 
perhaps,  interest  the  profession  more  generally  than  any 
other  question.  This  subject  has  been  accorded  ampla 
space.  The  method  of  treatment  in  many  cases  has  beea 
recited  in  detail,  the  results  in  every  instance  reported  be- 
ing beneficial,  and  in  many  curative. — Pacific  Med.  Jour. 


(F.  A.  DAVIS.  Medical  Publisher,  Philadelphia.  Pa..  U.S. A. J 


PRACTICAL  SURGERY. 

By  J.  E1¥I]VG  MKARS,  M.O., 

Lecturer  on  Practical  Surgery  and  Demonstrator  of  Surgery  in  Jefferson   Medical  College;    Professor  of 
Anatomy  and  Clinical  Surgery  in  the  Pennsylvania  College  of  Dental  Surgery,  etc. 


With  490  Illnstrations.   Second  edition,  revised  and  enlarged.    794  pp.   12mo. 


PRICE,  IN  UNITED  STATES  AND  CANADA  :  CLOTH,  $3.00.     DISCOUNT,  20  PER  CENT.,  MAKING  IT,  NET, 
$2.40;  POSTAGE,  20  CENTS  EXTRA.     GREAT  BRITAIN,   13s.     FRANCE,  18  fr.  75. 


Mears'  PRACTiCAii  SuRGERY  includes  chapters  on  Surgical  Dress- 
ings, Bandaging,  Fractures,  Dislocations,  Ligature  of  Arteries,  Amputa- 
tions, Excisions  of  Bones  and  Joints.  This 
work  gives  a  complete  account  of  the 
methods  of  antiseptic  surgery.  The  dif- 
ferent agents  used  in  antiseptic  dressing, 
their  methods  of  preparation,  and  their 
application  in  the  treatment  of  wounds  are 
fully  described.  With  this  work  as  a  guide 
it  is  possible  for  every  surgeon  to  practice 
antiseptic  surger}^  The  great  advances 
made  in  the  science  and  art  of  surgeiy  are 
largely  due  to  the  introduction  of  anti- 
septic methods  of  wound  treatment,  and  it 
is  incumbent  upon  every  progressive  sur- 
geon to  employ  them. 

An  examination  of  this  work  will 
show  that  it  is  thoroughly  sj^stematic  in 
its  plan,  so  that  it  is  not  only  useful  to  the  practitioner,  who  may  be 
called  upon  to  perform  operations,  but  of  great  value  to  the  student  in 
his  work  in  the  surgical  room,  where  he  is  required  to  apply  bandages 
and  fracture  dressings,  and  to  perform  operations  upon  the  cadaver.  The 
experience  of  the  author,  derived  from  many  years'  service  as  a  teacher 
(private  and  public)  and  practitioner,  has  enabled  him  to  present  the 
topics  discussed  in  such  a  manner  as  to  fully  meet  the  needs  of  both  prac- 
titioners and  students. 


It  is  full  of  common  sense,  and  may  be  safely 
taken  as  a  guide  in  the  matters  of  which  it  treats. 
It  would  be  hard  to  point  out  all  the  excellences  of 
this  book.  We  can  heartily  recommend  it  to  students 
and  to  practitioners  of  surgery. — American  Jour- 
nal of  the  Medical  Scieticcs. 

We  do  not  know  of  any  other  work  which  would 
be  of  greater  value  to  the  student  in  connection  with 
his  lectures  in  this  department. — Buffalo  Medical 
and  Surgical  Journal. 

The  work  is   excellent.      The  student   or  practi- 


tioner who  follows  it  intelligently  cannot  easily  go 
astray. — Journal Avterican  Jiledical  Asso'n. 

We  cannot  speak  too  highly  of  the  volume  under 
review. —  Canada  Med.  and  Surg.  Jottr. 

The  space  devoted  to  fractures  and  dislocations 
— by  far  the  most  difficult  and  responsible  part  of 
surgery — is  ample,  and  we  notice  many  new  illustra- 
tions explanatory  of  the  text. — North  Carolina 
Jiledical  Journal. 

It  is  one  of  the  most  valuable  of  the  works  of  its 
kind.— iV^w  Orleans  Med.  and  Surg.  Jour. 


(F.  A.  DAVIS,  Medical  Publisher,  Philadelphia,  Pa.,  U.S.A.) 


13 


AN  ENTIRELY  NEW  PHYSICIAN'S  VISITING  LIST. 

-=  THE  --^ 

Medical  Bulletin  Visiting  List 

OR 

PHYSICIAN'S  QaLL  f^ECORD. 


ARRANGED  UPON  AN  ORIGINAL  AND  CONVENIENT  MONTHLY  AND  WEEKLY  PLAN 
FOR  THE  DAILY  RECORDING  OF  PROFESSIONAL  VISITS. 


Frequent  Rewriting  of  Names  Unnecessary. 

This  Visiting  List  is  arranged  upon  a  plan  best  adapted  to  the  most 
convenient  use  of  all  physicians,  and  embraces  a  new  feature  in  recording 
dail}^  visits  not  found  in  any  other  list,  consisting  of  stub  or  half  leaves 
IN  THE  FORM  OF  INSERTS,  a  glance  at  which  will  suffice  to  show  that  as  the 
first  week's  record  of  visits  is  completed  the  next  week's  record  may  be 
made  by  simply  turning  over  the  stub-leaf,  without  the  necessity  of  re- 
writing the  patients'  names.  This  is  done  until  the  month  is  completed, 
and  the  physician  has  kept  his  record  just  as  complete  in  every  detail  of 
VISIT,  CHARGE,  CREDIT,  etc,  as  he  could  have  done  had  he  used  any  of  the 
old-style  visiting  lists,  and  has'  also  saved  himself  three-fourths  of  the 
time  and  labor  formerly  required  in  transferring  names  every  week. 
There  are  no  intricate  rulings  ;  everything  is  easily  and  quickly  under- 
stood ;  not  the  least  amount  of  time  can  be  lost  in  comprehending  the 
plan,  for  it  is  acquired  at  a  glance. 

The  Three  Different  Styles  Made. 

The  iVo.  1  Style  of  this  List  provides  ample  space  for  the  daily 
record  of  seventy  (70)  difierent  names  each  month  for  an  entire  year 
(two  full  pages,  thirty-five  [35]  names  to  a  page,  being  allowed  to  each 
month),  so  that  its  size  is  sufficient  for  an  ordinary  practice ;  but  for 
physicians  who  prefer  a  List  that  will  accommodate  a  larger  practice  we 
have  made  a  Wo.  2  Stifle^  which  provides  ample  space  for  the  daily 
record  of  one  hundred  and  five  different  names  (105)  each  month  for 
an  entire  year  (three  full  pages  being  allowed  to  each  month),  and  for 
physicians  who  may  prefer  a  Pocket  Record  Book  of  less  thickness  than 
either  of  these  styles  we  "have  made  a  JVo.  3  StylSf  in  which  "  The 
Blanks  for  the  Recording  of  Visits  In  "  have  been  made  into  removable 
sections.  These  sections  are  very  thin,  and  are  made  up  so  as  to  answer 
in  full  the  demand  of  the  largest  practice,  each  section  providing  ample 
space  for  the  daily  record  of  two  hundred  and  ten  (210)  different 
NAMES  for  one  month;  or  one  hundred  and  five  (105)  different  names 
daily  each  month  for  two  months  ;  or  seventy  (tO)  different  names  daily 
each  month  for  three  months ;  or  thirt3^-five  (35)  different  names  daily 
each  month  for  six  months.  Four  sets  of  these  sections  go  with  each 
copy  of  No.  3  Style. 

Special  Features  Not  Found  in  Any  Other  List. 

In  this  No.  3  Style  the  printed  matter,  and  such  matter  as  the 
BLANK  FORMS  FOR  ADDRESSES  OF  Patients,  Obstetric  Record,  Vaccination 
Record,  Cash  Account,  Births  and  Deaths  Records,  etc.,  are  fastened 
permanently  in  the  back  of  the  book,  thus  reducing  its  thickness.  The 
addition  of  one  of  these  removable  sections  does  not  increase  the  size 
quite  an  eighth  of  an  inch.  This  brings  the  book  into  such  a  small  com- 
pass that  no  one  can  object  to  it  on  account  of  its  thickness,  as  its  bulk 
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is  VERY  MUCH  LESS  than  that  of  any  visiting  list  ever  published.  Every 
physician  will  at  once  understand  that  as  soon  as  a  section  is  full  it  can 
betaken  out,  filed  away,  and  another  inserted  without  the  least  incon- 
venience or  trouble. 

This  Visiting  List  contains  a  Calendar  for  the  last  six  months 
of  last  year,  all  of  this,  and  next  year;  Table  of  Signs  to  be  used 
in  Keeping  Accounts;  Dr.  Ely's  Obstetrical  Table;  Table  of  Cal- 
culating the  Number  of  Doses  in  a  given  U,  etc.,  etc. ;  for  converting 
Apothecaries'  Weights  and  Measures  into  Grammes;  Metrical  Avoirdu- 
pois and  Apothecaries' Weights ;  Number  of  Drops  in  a  Eluidrachm  ; 
(xraduated  Doses  for  Children  ;  Graduated  Table  for  Administering 
Laudanum  ;  Periods  of  Eruption  of  the  Teeth  ;  The  Average  Frequency 
of  the  Pulse  at  Different  Ages  in  Health ;  Formula  and  Doses  of  Hj^po- 
dermic  Medication;  Use  of  the  Hypodermic  Syringe;  Formulae  and 
Doses  of  Medicine  for  Inhalation ;  Formulae  for  Suppositories  for  the 
JRectum ;  The  Use  of  the  Thermometer  in  Disease ;  Poisons  and  their 
Antidotes ;  Treatment  of  Asphyxia ;  Anti-Emetic  Remedies ;  Nasal 
^Douches  ;  Eye-Washes. 

Most  Convenient  Time-  and  Labor-  Saving  List  Issued. 

It  is  evident  to  every  one  that  this  is,  beyond  question,  the  best  and 
most  convenient  time-  and  labor-  saving  Physicians'  Record  Book  ever 
published.  Ph3^sicians  of  many  years'  standing  and  with  large  jpractices 
pronounce  this  the  Best  List  they  have  ever  seen.  It  is  handsomely 
bound  in  fine,  strong  leather,  with  flap,  including  a  pQcket  for  loose 
memoranda,  etc.,  and  is  furnished  with  a  Dixon  lead-pencil  of  excellent 
quality  and  finish.  It  is  compact  and  convenient  for  carrying  in  the 
pocket.     Size,  4  x  6|  inches. 

IN   THRBK   STYl,ES— NKX   PK-ICKS,    I»OST.I»AI». 

v.  S.  and  Canada.    Great  Britain. 
Regular  Size,  for  70  patients  daily  each  month  for  one  year,        $1.26  5s.  3. 

Large  Size,  for  105  patients  dailj'  each  month  for  one  year,  1.50  6s.  6. 

In  which  "The  Blanks  for  Recording  Visits  in"  are  in  re- 
movable sections,  as  described  above,         .        -        -       -  1.75  Ts.  3.       13  fr.  30 


No.  I 
■No'.  2 
TSfo.  3 


France. 
7  fr.  75 
9  fr.  35 


■EXTRACTS    FROM    REVIEWS. 


"  While  each  page  records  only  a  week's  visits, 
yet  by  an  ingenious  device  of  half  leaves  the  names 
of  the  patients  require  to  be  written  but  once  a 
month,  and  a  glance  at  an  opening  of  the  book 
shows  the  entire  visits  paid  to  any  individual  in  a 
month.  It  will  be  found  a  great  convenience." — 
Boston  Medical  and  Surgical  yournal. 

"Everything  about  it  is  easily  and  quickly 
-imderstood." — Canadian  Praciitioner. 

''  Of  the  many  visiting  lists  before  the  profes- 
sion, each  has  some  special  feature  to  recommend 
it.  This  list  is  very  ingeniously  arranged,  as  by  a 
series  of  narrow  leaves  following  a  wider  one,  the 
name  of  the  patient  is  written  but  once  during  the 
month,  while  the  account  can  run  for  thirty-one 
days,  space  being  arranged  for  a  weekly  debit 
and  credit  summary  and  for  special  memoranda. 
The  usual  pages  for  cash  account,  obstetrical 
record,  addresses,  etc.,  are  included.  A  large 
amount  of  miscellaneous  information  is  presented 
in  a  condensed  form."  —  Occidental  Medical 
Titnes. 

"  It  is  a  monthly  instead  of  a  weekly  record, 
thus  obviating  the  transferring  of  names  oftener 
than  once  a  month.  There  is  a  Dr.  and  Cr.  column 
ibllowing  each  week's  record,  enabling  tjie  doctor 
to  carry  a  patient's  account  for  an  indefinite  time, 
^r  until  he  is  discharged,  with  little  trouble." — 
Indiana  Medical  Journal. 


"Accounts  can  begin  and  end  at  any  date. 
Each  name  can  be  entered  for  each  day  of  every 
month  on  the  same  line.  To  accomplish  this,  four 
leaves,  little  more  than  one-third  as  wide  as  the 
usual  leaf  of  the  book,  follow  each  page.  Oppo- 
site is  a  full  page  for  the  recording  of  special 
memoranda.  The  usual  accompaniments  of  this 
class  of  books  are  made  out  with  care  and  fitness." 
—  The  American  Lancet. 

"This  is  a  novel  list,  and  an  imusually  con- 
venient one." — yournal  0/  the  A-iner.  Med. Assoc. 

''This  new  candidate  for  the  favor  of  physi- 
cians possesses  some  unique  and  useful  points. 
The  necessity  of  rewriting  names  every  week  is 
obviated  by  a  simple  contrivance  in  the  make-up 
of  its  pages,  thus  saving  much  valuable  time, 
besides  reducing  the  bulk  of  the  book." — Buffalo 
Medical  and  Surg.icai  yournal. 

"This  list  is  an  entirely  new  departure,  and 
on  a  plan  that  renders  posting  rapid  and  easy.  It 
is  just  what  we  have  often  wished  for,  and  really 
fills  a  long-felt  want." — The  Medical  Waif. 

"It  certainly  contains  the  largest  amount  of 
practical  knowledge  for  the  medical  practitioner 
in  the  smallest  possible  volume,  besides  enabling 
the  poorest  accountant  to  keep  a  correct  record, 
and  render  a  correct  bill  at  a  moment's  notice." — 
Medical  Chips. 


(F.  A.  DAl/IS,  Medical  Publisher.  Philadelphia.  Pa.,  U.S.A.) 
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HAND-BOOK  OF  ECLAMPSIA; 

OK, 

Notes  and  Cases  of  Pnerperal  ConYulsions. 


E.  MiCHENER,  M.D.,  J.  H.  Stubbs,  M.D.,  R.  B.  Ewing,  M.D., 

B.  Thompson,  M.D.,  S.  Stebbins,  M.D. 


Price,  in  United  States  and  Canada,  Bound  in  Cloth,  ISmo,  Net,  75  Cents;  in  Great 
Britain,  3  Sellings;  in  France,  4  fr.  20. 

In  our  medical  colleges  the  teachers  of  Obstetrics  dwell  upon  the  use  of  blood-letting  (phlebotomy)  in 
cases  of  puerperal  convulsions,  and  to  this  method  Dr.  Michener  and  his  fellows  give  their  unqualified 
support — not  to  take  a  prescribed  number  of  ounces,  but  to  bleed/or  effect,  axid-X^'om  a  large  orifice.  This 
is  plainly  and  admirably  set  forth  in  his  book.  To  bleed  requires  a  cutting  instrument, — not  necessarily  a 
lancet, — for  Dr.  M.  states  how  in  one  case  a  pocket-knife  was  used  and  the  desired  effect  produced. 

Let  the  young  physician  gather  courage  from  this  little  book,  and  let  the  more  experienced  give  testi- 
mony to  confirm  its  teaching. 


We  have  always  thought  that  this  treatment  was 
indorsed,  approved,  and  practiced  by  physicians  generally ; 
and  to  such  as  doubt  the  eificacy  of  blood-letting  we  would 
commend  this  little  volume. — Southern  Clinic. 

The    authors    are   seriously   striving  to   restore    the 


"lost  art"  of  blood-letting,  and  we  must  commend   the 
modesty  of  their  endeavor. — -North  Carolina  Med.  Jour. 

The  cases  were  ably  analyzed,  and  this  plea  for  vene- 
section should  receive  the  most  attentive  consideration  from 
obstetricians. — Medical  and  Surgical  Reporter. 


JTJST    I^E-A-ID"2".= 


A  MANUAL  OF  INSTRUCTION 


FOR   GIVING 


Prok.   Hartvio  Nissek, 

Director  of  the  Swedish  Health  Institute,  Washington,  D.C.  ;  Late  Instructor  in  Physical  Culture  and. 

Gymnastics  at  the  Johns  Hopkins  University,  Baltimore,  Md. ;  Author  of 

"  Health  by  Exercise  without  Apparatus," 


ILLUSTRATED   WITH  29   ORIGINAL   WOOD-ENGRAVINGS. 


In  One  12mo  Volunie  of  128  Pages.     Neatly  Bound  in  Olotli.     Pricey 

post-paid,  in  United  States  and  Canada,  Net,  $1.00;  in 

Great  Britain,  4s.  3d.;  in  France,  6  fr.  20. 


This  is  the  only  piiblication  in  the  English  language  treating  this  very  important. 
subject  in  a  practical  manner.  Full  instructions  are  given  regarding  the  mode  of 
applying 

The  Swedisli  MoYement  and  Massage  Treatment 

in  various  diseases  and.  conditions  of  the  human  system  with  the  greatest  degree  of 
effectiveness.  Professor  Nissen  is  the  best  authority  in  the  United  States  upon  this  prac- 
tical phase  of  this  subject,  and  his  book  is  indispensable  to  every  physician  who  wishes  t» 
know  how  to  use  these  valuable  handmaids  of  medicine. 


This  manual  is  valuable  to  the  practitioner,  as  it 
contains  a  terse  description  of  a  subject  but  too  little  under- 
stood in  this  country The  book  is  got  up  very 

creditably.— iV.  Y.  Med.  Jour. 

The  present  volume  is  a  modest  account  of  the  appli- 
cation of  the  Swedish  Movement  and  Massage  Treatment, 
in  which  the  technique  of  the  various  procedures  are  clearly 
stated  as  well  as  illustrated  in  a  very  excellent  manner. 
— North  Amerwan  Practitioner. 

This  little  manual  seems  to  be  ^vritten  by  an  expert, 
and  to  those  who  desire  to  know  the  details  connected  with 


the  Swedish  Movement  and  Massage  we  commend  the- 
hook.-^Practice. 

This  attractive  little  book  presents  the  subject  in  a  very 
practical  sliape,  and  makes  it  possible  for  every  physician  t« 
understand  at  least  how  it  is  applied,  if  it  does  not  give  him 
dexterity  in  the  art  of  its  application.  He  can  certainly 
acquire  dexterity  by  following  the  directions  so  plainly  ad- 
vised in  this  book. — Chicago  Med.  Timcfi. 

It  is  so  practical  and  clear  in  its  demonstrations  that 
if  you  wish  a  work  of  this  nature  you  cannot  do  better  than.. 
peruse  this  o-ae.— Medical  Brief. 
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JUST  READY— THE  LATEST  AND  BEST  PHYSICIAN'S  ACCOUNTr 
BOOK  EVER  PUBLISHED. 


THE  PHYSICIAN'S 


ALL-KEQU151TE  TlME^ 


BEING  A  LEDGER  AND  ACCOUNT-BOOK  FOR  PHYSICIANS'  USE,  MEETING  ALL 
THE  REQUIREMENTS  OF  THE  LAW  AND  COURTS. 

DESIGNED   BY 

Of  EXa-stora,  I=a.. 

pROBABLY  no  class  of  people  lose  more  money  through  carelessly  kept 
^  accounts  and  overlooked  or  neglected  hills  than  physicians.  Often 
detained  at  the  bedside  of  the  sick  until  late  at  night,  or  deprived  of 
even  a  modicum  of  rest,  it  is  with  great  difficulty  that  he  spares  the 
time  or  puts  himself  in  condition  to  give  the  same  care  to  his  own 
financial  interests  that  a  merchant,  a  lawyer,  or  even  a  farmer  devotes. 
It  is  then  plainly  apparent  that  a  system  of  bookkeeping  and  accounts 
that,  without  sacrificing  accuracy,  but,  on  the  other  hand,  ensuring  it,  at 
the  same  time  relieves  the  keeping  of  a  physician's  book  of  half  their 
complexity  and  two-thirds  the  labor,  is  a  convenience  which  will  be 
eagerly  welcomed  by  thousands  of  overworked  physicians.  Such  a  s}- s- 
tem  has  at  last  been  devised,  and  we  take  pleasure  in  offering  it  to  the 
profession  in  the  form  of  The  Physician's  All-Requisite  Time-  and 
Labor-  Saving  Account-Book. 

There  is  no  exaggeration  in  stating  that  this  Account-Book  and 
Ledger  reduces  the  labor  of  keeping  your  accounts  more  than  one-half, 
and  at  the  same  time  secures  the  greatest  degree  of  accurac_y.  We  may 
mention  a  few  of  the  superior  advantages  of  The  Physician's  All- 
Requisite  Time-  and  Labor-  Saving  Account-Book,  as  follow: — 

First — Will  meet  all  the  requirements  of 
the  law  and  courts. 

Second — Self-explanatory  ;  no  cipher  code. 

Third — Its  completeness  without  sacrificing 
anything. 

Fourth — No  posting ;  one  entry  only. 

Fifth — Universal ;  can  be  commenced  at  any 
time  of  year,  and  can  be  continued  in- 
definitely until  every  account  is  filled. 

Sixth — Absolutely  no  waste  of  space. 

Seventh — One  person  must  needs  be  sick 
every  day  of  the  year  to  fill  his  account, 
or  might  be  ten  years  about  it  and  re- 
quire no  more  than  the  space  for  one 
account  in  this  ledger. 

Eighth — Double  the  number  and  many  times 
more  than  the  number  of  accounts  in 


any  similar  book;  the  300-page  book 
contains  space  for  900  accounts,  and  the 
600-page  book  contains  space  for  1800 
accounts. 

Ninth — There  are  no  smaller  spaces. 

Tenth — Compact  without  sacrificing  com- 
pleteness ;  every  account  complete  on 
same  page — a  decided  advantage  and 
recommendation. 

Eleventh — Uniform  size  of  leaves. 

Twelfth — The  statement  of  the  most  com- 
plicated account  is  at  once  before  you 
at  any  time  of  month  or  year — in  other 
words,  the  account  itself  as  it  stands  is 
its  simplest  statement. 

Thirteenth — No  transferring  of  accounts, 
balances,  etc. 


To  all  physicians  desiring  a  quick,  accurate,  and  comprehensive 
method  of  keeping  their  accounts,  we  can  safely  say  that  no  book  as 
suitable  as  this  one  has  ever  been  devised. 


NET  PEICES,  SHIPPIN&  EXPENSES  PREPAID. 

No.  1.  300  Fages,  for  900  Accounts  per  Year, 

Size  10x13,  Bound  in  %  Russia,  Raised    ^"  U.  S. 
Back-Bands,  Clotli  Sides,         .         ..         .      SSS.OO 

No.  2.  600  Pages,  for  1800  Accounts  per  Year, 
Size  10x12,  Bound  in  y^  Russia,  Raised 
Back-Bands,  Cloth  Sides,         .         .         .8.00 


Canada 
(duty  paid). 

$5.50 


8.80 


Great 
Britain. 

SO.lSs. 


(F.  A.  DAVIS,  Medical  Publisher,  Philadelphia,  Pa.,  U.S.A.) 
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PHYSICIANS'  INTERPRETER 

IN  FOUR  I^AI^OUAGES. 

(ENGLISH,  FRENCH,  GERMAN,  AND  ITALIAN.) 


Specially  Arranged  for  Diagnosis  by  M.  von  V. 


The  object  of  this  little  work  is  to  meet  a  need  often  keenly  felt  by 
the  busy  physician,  namely,  the  need  of  some  quick  and  reliable  method 
of  communicating  intelligibly  with  patients  of  those  nationalities  and 
languages  unfamiliar  to  the  practitioner.  The  plan  of  the  book  is  a  sys- 
tematic arrangement  of  questions  upon  the  various  branches  of  Practical 
Medicine,  and  each  question  is  so  worded  that  the  only  answer  required 
of  the  patient  is  merely  Yes  or  No.  The  questions  are  all  numbered, 
and  a  complete  Index  renders  them  always  available  for  quick  reference. 
The  book  is  written  by  one  who  is  well  versed  in  English,  French,  Ger- 
man, and  Italian,  being  an  excellent  teacher  in  all  those  languages,  and 
who  has  also  had  considerable  hospital  experience. 


Bound  in  Full  Russia  Leather,  for  Carrying  in  the  Pocket.  (Size,  5  x2| 

Inches.)     206  Pages.     Price,  post-paid,  in  United  States  and 

Canada,  $1.00,  net;  Great  Britain,  4s.  6d. ;  France,  6  fr.  20. 


To  convey  some  idea  of  the  scope  of  the  questions  contained  in  th« 
Ph_ysicians'  Interpreter,  we  append  the  Index : — 


General  health i-  50 

Special  diet 31-  47 

Age  of  patient 52-  62 

Necessity  of  patients  undergoing  an  opera- 
tion   63-  70 

Office  hours 7i-  77 

Days  of  the  week '. 78-  84 

Patient's  history:  hereditary  affections  in  his 
family;  his   occupation;     diseases   from 

his  childhood  up 85-130 

Months  of  the  year. 106-117 

Seasons  of  the  year 118— 121 

Symptoms  of  typhoid  fever 131-158 

Symptoms  of  Bright's  disease 159-168 

Symptoms  of  lung  diseases 169-194  and  311-312 

Vertigo 19S-201 

Theeyes 201-232 

Paralysis  and  rheumatism 236-260 

Stomach  complaints  and  chills 261-269 


Falls  and  fainting  spells 271-277 

How  patient's  illness  began,  and  when  pa- 
tient was  first  taken  sick 278-27^ 

Names  for  various  parts  of  the  body 283-295 

The  liver.- 300-301 

The  memory 304-305 

Bites,  stings,  pricks 314-316 

Eruptions 317-318 

Previous  treatment 319 

Symptoms  of  lead-poisoning 320-324 

Hemorrhages 325-328 

Burns  and  sprains 33°-33i 

The  throat 332-333 

The  ears , 336-339 

General    directions    concerning     medicines, 
baths,     bandaging,    gargling,     painting 

swelling,  etc 34°-373 

Numbers ' pages  202-204 


The  work  is  well  done,  and  calculated  to  h&  of  great 
service  to  those  who  wish  to  acquire  familiarity  with  the 
phrases  used  in  questioning  patients.  More  than  this,  we 
believe  it  would  'oe  a  great  help  in  acquiring  a  vocabulary 
to  be  used  in  reading  medical  books,  and  that  it  would  fur- 
nish an  excellent  basis  for  beginning  a  study  of  any  one  of 
the  languages  which  it  Includes. — Medical  and  Surgical 
Mejyorter, 

Many  other  books  of  the  satne  sort,  with  more  ex- 
tensive vocabularies,  have  been  published,  but,  from  their 
size,  and  from  their  being  usually  devoted  to  equivalents 
in  English  and  one  other  language  only,  they  have  not  had 
the  advantage  which  is  pre-eminent  in  this — convenience. 
It  is  handsomely  printed,  and  bound  in  flexible  red  leather 
in  the  form  of  a  diary.  It  would  scarcely  make  itself  felt 
in  one's  hip-pocket,  and  would  insure  its  bearer  against  any 
ordinary  conversational  difficulty  in  dealing  with  foreign- 
apeaking  people,  who  are  constantly  coming  into  our  city 
hospitals. — New  York  Medical  Journal. 

In  our  larger  cities,  and  in  the  whole  Northwest,  the 
physician  is  constantly  meeting  with  immigrant  patients, 
to  whom  it  is  difficult  for  him  to  make  himself  understood, 
*r  to  know  what  they  eay  in  return.    This  diflculty  will 


be  greatly  obviated  by  use  of  this  little  work.— Tfte  Phy- 
sician and  Surgeon. 

The  phrases  are  well  selected,  and  one  might  practice 
long  without  requiring  more  of  these  languages  than  this 
little  book  furnishes.— f/iiZa.  Medical  Times. 

How  oftLn  the  physician  is  called  to  attend  those  witk 
whom  the  English  language  is  unfamiliar,  and  many  phy- 
sicians are  thus  deprived  of  the  means,  save  through  au 
interpreter,  of  arriving  at  a  correct  knowledge  on  which  t» 
base  a  diagnosis.  An  interpreter  is  not  always  at  hand, 
hut  with  this  pocket  interpreter  in  your  hand  you  are  able 
to  ask  fill  the  questions  necessary,  and  receive  the  ansv.er 
in  such  manner  that  you  will  be  able  to  fully  comprehend. 
—  The  Medical  Brief. 

This  little  volume  is  one  of  the  most  ingenious  aids 
to  the  physician  which  we  have  seen.  We  heartily  com- 
mend the'  book  to  any  one  who,  being  without  a  knowledge 
of  the  foreign  languages,  is  obliged  to  treat  those  who  d_« 
not  know  our  own  language. — St.  Louis  Courier  of  Medi- 
cine. 

It  will  rapidly  supersede,  for  the  practical  use  of  the 
doctor  who  cannot  take  the  time  to  learn  another  language, 
all  other  suggestive  works. — Chicago  Mexlical  Times, 


18 


(F.  A.  DAVIS,  Medical  Publisher,  Philadelphia,  Pa.,  U.S.A.) 


An  Important  Aid  to  Students  in  tlie  Study  of  Anatomy. 

Three  Charts  or 

The  Nervo- Vascular  System. 

rAMT  I.— THE  NERVES. 

PART  II.— THE  ARTERIES. 

PART  III.— THE  VEIWS. 

Arranged  by  W.  HENRY  PRICE,  A.M.,  M.D.,  AND  S.  POTTS  EAGLETON. 
ENDORSED  BY  LEADING  ANATOMISTS. 


PRICE,  IN  THE  UNITED  STATES  AND  CANADA,  50  CENTS,  NET,  COMPLETE; 
GREAT  BRITAIN,  2s.  6d.     FRANCE,  3  fr.  60. 


"  THE  NERVO-VASCULAR  SYSTEM  OF  CHARTS "  far  Escels  Every  Other  System 
in  their  Completeness,  Compactness,  and  Accuracy. 


Part  I.  The  Nerves. — Gives  in  a  clear  form  not  only  the  Cranial 
and  Spinal  Nerves,  showing  the  formation  of  the  different  Plexuses 
and  their  branches,  lout  also  the  complete  distribution  of  the 
ferMPATHETic  Nerves,  thereby  making  it  the  most  complete  and 
concise  chart  of  the  Nervous  Sj^stem  yet  published. 

Part  II.  The  Arteries.— Giwes  a  unique  grouping  of  the  Arterial 
System,  showing  the  divisions  and  subdivisions  of  all  the  vessels, 
beginning  from  the  heart  and  tracing  their  continuous  distribution 
to  the  'periphery,  and  showing  at  a  glance  the  terminal  branches 
of  each  artery. 

Part  III.  The  Veins. — Shows  how  the  blood  from  the  periphery 
of  the  body  is  gradually  collected  by  the  larger  veins,  and  these 
coalescing  forming  still  larger  vessels,  until  they  finally  trace 
themselves  into  the  Right  Auricle  of  the  heart. 

It  is  therefore  readily  seen  that  "  The  Nervo-Yascular  System  of 
Charts"  offers  the  following  superior  advantages: — 

1.  It  is  the  only  arrangement  which  combines  the  Three  Systems, 
and  3?et  each  is  perfect  and  distinct  in  itself. 

2.  It  is  the  only  instance  of  the  Cranial,  Spinal,  and  Sympathetic 
Nervous  Systems  being  represented  on  one  chart. 

3.  From  its  neat  size  and  clear  type,  and  being  printed  only  upon 
one  side,  it  may  be  tacked  up  in  any  convenient  place,  and  is  always 
ready  for  freshening  up  the  memory  and  reviewing  for  examination. 

4.  The  nominal  price  for  which  these  charts  are  sold  places  them 
within  the  reach  of  all. 


For  the  student  of  anatomy  there  can  possibly  be  no 
more  concise  way  of  acquiring  a  knowledge  of  the  nerves, 
veins,  and  arteries  of  the  human  system.  It  presents  at  a 
glance  their  trunks  and  branches  in  the  great  divisions  of 
the  body.  It  will  save  a  world  of  tedious  reading,  and  will 
impress  itself  on  the  mind  as  no  ordinary  vade  mecum, 
3ven,  could.  Its  price  is  nominal  and  its  value  inestima- 
61e.  No  student  should  be  without  it. — Pacific  Record  of 
Medirii\&  and  Surgery, 

We  take  pleasure  in  calling  attention  to  these  charts, 
as  they  are  so  arranged  that  a  study  of  them  will-  serve  to 
impress  them  more  indellibly  on  your  mind  than  can  be 
gained  in  any  other  way.  They  are  also  valuable  for 
reference. — Medical  Brief. 

These  are  three  admirably  arranged  charts  for  the 
«se  of  students,  to  assist  in  memorizing  their  anatomical 
studies. — Buffalo  Med.  and  Surg.  Jour. 

This  is  a  series  of  charts  of  the  nerves,  arteries,  and 


veins  of  the  human  body,  giving  names,  origins,  distribu- 
tions, and  functions,  very  convenient  as  memorizers  and 
reminders.  A  similar  series,  prepared  by  the  late  J.  H. 
Armsby,  of  Albany,  N.Y.,  and  framed,  long  found  a  place 
in  the  study  of  the  writer,  and  on  more  than  one  occasion 
was  the  means  of  saving  precious  moments  that  must 
otherwise  have  been  devoted  to  tumbling  the  pages  of  ana- 
tomical works. — Med.  Age. 

These  three  charts  will  be  of  great  assistance  to 
medical  students.  They  can  be  hung  on  the  wall  and  read 
across  any  ordinary  room.  The  price  is  only  fifty  cents  for 
the  set. — Practice. 

These  charts  have  been  carefully  arranged,  and  will 
prove  to  be  very  convenient   for  ready  reference.    They 

are  three  in  number,  each  constituting  a  part 

It  is  a  high  recommendation  that  these  charts  have  been 
examined  and  approved  bj'  John  B.  Deaver.  M.D.,  Demon- 
strator of  Anatomy  in  the  University  of  Pennsylvania. — 
Pacific  Med.  and  Surg.  Jour,  and  Western  Lancet. 
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EVERY    SANITARIAN   SHOULD    HAVE    ROHE'S    "TEXT-BOOK    OF    HYGIENE" 
AS  A  Vt^ORK  OF  REFERENCE. 


SE]C03iTID    EIDITIO^iT. 


-11^    :E=I^E!SS. 


TEXT-BOOK  OF  HYGIENE: 

A  COMPREHENSIVE  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OF  PREVENTIVE  MEDICINE 
FROM  AN  AMERICAN  STAND-POINT. 

By    OKORGB    H.    ROHE^,    M.D., 

Prefessor  of  Obstetrics  and  Hygiene  in  the  College  of  Physicians  and  Surgeons,  Baltimore ;  Director  of  the  Marylawl 

Matemite ;  Member  of  the  American  Public  Health  Association  ;  Foreign  Associate  of  the  Societe  FranQaise 

d'Hygiene,  of  the  Societe  des  Chevaliers-Sauveteurs  des  Alpes  Maritimes,  etc. 


Net  Price,  in  the  United  States,  S3.50;   in  Canada  (duty  paid),  »3.75 ;   in 
Great  Britain,  lis.  3d. ;  France,  16  tr.  20. 


Second  Edition — Thoroughly  Revised  and  Largely  Rewritten,  with  many  Illustrations 
AND  Valuable  Tables.  Rohe's  Hygiene  is  the  Standard  Text-Book  in  many  Medical  Colleges  in  the 
United  States  and  Canada.  It  is  a  sound  guide  to  the  most  modern  and  approved  practice  in  Applied 
Hygiene.  This  New  Edition  will  toe  issued  early  in  the  Spring  of  1890,  in  one  handsome 
Octavo  volume  of  about  400  pages,  bound  in  Extra  Cloth.  Read  what  competent  critics  have  said  of  the 
first  edition  of  Rohe's  "Text-Book  of  Hygiene": — 

Nothing  better  for  the  teacher,  practitioner,  or  student. 
-^Misstssippi  Valley  Medical  Monthly. 

■  Contains  a  mass  of  information  of  the  utmost  impor- 
tance.— Independent  Practiiioner. 

Just  the  work  needed  by  the  medical  student  and  the 
busy,  active,  sanitary  officer. — Southern  Practitioner. 

This  very  useful  work. — American  Jour.  Med.  Sciences. 

Comprehensive  in  scope,  well  condensed,  clear  in  style, 
and  abundantly  supplied  with  references. — Journal  Amer- 
ican Medical  Association. 


A  storehouse  of  facts. — British  Medical  Journal. 

Of  invaluable  assistance  to  the  student. — Sanitary  News. 

This  interesting  and  valuable  book. — Pacific  Medical 
0,n<i  Surgical  Journal. 

Based  upon  sound  principles  and  good  practice. — Phila- 
ttelphia  Medical  Times. 

Full  of  important  matter,  told  in  a  very  interesting 
manner. — Scieiicc. 

In  harmony  with  the  most  recent  advances  in  pathology. 
— Medical  Times  and  Gazette^  London. 


JXJ&T    ISSXJEID 


PHYSICIANS'  AND  STUDENTS'    READY-REFERENCE   SERIES 

ISTo.  ^. 

The  Neuroses  of  the  Genito-Urinary  System 

WITH  STERILITY  AND    IMPOTENCE. 

BY 

DR.     R.     ULTZIVCANN, 

Professor  of  Genito-Urinary  Diseases  in  the  University  of  Vienna. 
TRANSLATED,  WITH  THE  AUTHOR'S  PERMISSION,  BY 

GARDNER  W.  ALLEN,  M.D., 

Surgeon   in   the  Genito-Urinary   Department   Boston   Dispensary. 


Illustrated.    12mo.  Handsomely  Bound  in  Dark-Blue  Cloth.   Net  Price,  in  the  United 
States  and  Canada,  ."SI. 00,  Post-paid  ;  Great  Britain,  4s.  6d.  ;  France,  6  fr.  30. 


This  great  work  upon  a  subject  which,  notwithstanding  the  great  strides  that  hav* 
been  made  in  its  investigation  and  the  deep  interest  it  possesses  for  all,  is  nevertheless 
still  but  imperfectly  understood,  has  been  translated  in  a  most  perfect  manner,  and  pre- 
serves most  fully  the  inherent  excellence  and  fascinating  style  of  its  renowned  and 
lamented  author.  Full  and  complete,  yet  terse  and  concise,  it  handles  the  subject  with 
such  a  vigor  of  touch,  such  a  clearness  of  detail  and  description,  and  such  a  directness  to 
the  result,  that  no  medical  man  who  once  takes  it  up  will  be  content  to  lay  it  down  until 
its  perusal  is  complete, — nor  will  one  reading  be  enough. 

Professor  Ultzmann  was  recognized  as  one  of  the  greatest  authorities  in  his  chosen, 
specialty,  and  it  is  a  little  singular  that  so  few  of  his  writings  have  been  translated  into 
English.  Those  who  have  been  so  fortunate  as  to  benefit  by  his  instruction  at  the  Vienna 
Polyclinic  can  testify  to  the  soundness  of  his  pathological  teachings  and  the  success  of  his 
methods  of  treatment.  He  approached  the  subject  from  a  somewhat  different  point  of 
view  from  most  surgeons,  and  this  gives  a  peculiar  value  to  the  work.  It  is  believed, 
moreover,  that  there  is  no  convenient  hand-book  in  English  treating  in  a  broad  manner 
the  Genito-urinary  Neuroses. 

SYNOPSIS  OF  CONTENTS.  First  Part.— I.  Chemical  Changes  in  the  Urine  in 
Gases  of  Neuroses.  II.  The  Neuroses  of  the  Urinary  and  of  the  Sexual  Organs,  classi- 
fied as :  1,  Sensory  Neuroses  ;  2,  Motor  Neuroses ;  3,  Secretory  Neuroses.  Second  Part. — 
Sterility  and  Impotence. 

The  Treatment  in  all  Cases  is  Described  Clearly  and  Minutely. 
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ITS  SUCCESSFUL   TREATMENT   BY   SUPERFICIAL   ORGANIC 
ALTERATION  OF  THE  NASAL  MUCOUS  MEMBRANE. 


CHARI^ES  E.  SAJOUS,  M,I>., 

liBcturer  on  Rhinology  and  Laryngology  in  Jefferson  Medical  College ;  Vice-President  of  the  American  Laryngological 

Association :  OfBcer  of  the  Academy  of  France  and  of  Public  Instruction  of  Venezuela ;  Corresponding 

Member  of  the  Royal  Society  of  Belgium,  of  the  Medical  Society  of  Warsaw  (Poland), 

and  of  the  Society  of  Hygiene  of  France  ;  Member  of  the  American 

Philosophical  Society,  etc.,  etc. 


WITH    13    JENGKAVINGS    ON    TTOOD.       13mo.      BOUND    IN    CLOTH.     BEVELED 

EDGES.     PKICE,    IN    UNITED  STATES    AND   CANADA,    NET,  $1.00; 

GKEAT   BRITAIN,  4s.    3d.;    FRANCE,    6  fr.  30. 


The  object  of  this  little  work  is  to  place  in  the  hands  of  the  general 
practitioner  the  means  to  treat  successfully  a  disease  which,  until  lately, 
was  considered  as  incurable ;  its  history,  causes,  pathology,  and  treat- 
ment are  carefully  described,  and  the  latter  is  so  arranged  as  to  be 
practicable  by  any  physician. 


Dr.  Sajous'  volume  must  command  the  attention  of 
those  called  upon  to  treat  this  heretofore  intractable  com- 
plaint.— lledical  and  Surgical  Reporter. 

Few  have  had  the  success  in  this  disease  which  has 
so  much  baffled  the  average  practitioner  as  Dr.  Sajous,  con- 
sequently his  statements  are  almost  authoritative.  The 
book  must  be  read  to  be  appreciated. — American  Medical 
Digest. 

Dr.  Sajous  has  admirably  presented  the  subject,  and, 
as  this  method  of  treatment  is  now  generally  recognized 
as  efficient,  we  can  recommend  this  book  to  all  physicians 


who  are  called  upon  to  treat  this  troublesome  disorder. — 
The  Buffalo  Medical  and  Surgical  Journal. 

The  symptoms,  etiology,  pathology,  and  treatment  of 
Hay  Fever  are  fully  and  ably  discussed.  The  reader  will 
not  regret  the  expenditure  of  the  small  purchase  price  of 
this  work  if  he  has  cases  of  the  kind  to  treat. — California 
Medical  Journal. 

We  are  pleased  with  the  author's  views,  and  heartily 
commend  his  book  to  the  consideration  of  the  profession. 
— The  Southern  Clinic. 


PHYSICIANS'   AND   STUDENTS'   READY    REFERENCE  SERIES. 
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OBSTETRIC   SYNOPSIS 

By  JOHN  S.  STEWART,  M.D., 

Demonstrator  of  Obstetrics  and  Chief  Assistant  in  the  Gynsecological  Clinic  of  the  Medico-Chirurgica! 

College  of  Philadelphia. 

WITH  AN   INTRODUCTORY   NOTE  BY 

WILLIAM  S.  STEWART,  A.M.,  M.D., 

Professor  of  Obstetrics  and  Gynecology  in  the  Medico-CWrurgical  College  of  Philadelphia. 


42  ILLUSTRATIONS.    202  PAGES.    12mo.    HANDSOMELY  BOUND  IN  DARK-BLUt  CLOTH. 

Price,  Post-paid,  in  the  United  States  and  Canada,  Net,  $1.00; 
Great  Britain,  4s.  3d. ;  France,  6  fr.  20. 


By  students  this  work  will  be  found  particularly  useful.  It  is  based 
upon  the  teachings  of  such  well-known  authors  as  Playfair,  Parvin, 
Lush,  Galabin,  and  Cazeaux  and  Tarnier,  and,  besides  containing  much 
new  and  important  matter  of  great  value  to  both  student  and  practi- 
tioner, embraces  in  an  Appendix  the  Obstetrical  Nomenclature  sug- 
gested by  Professor  Simpson,  of  Edinburgh,  and  adopted  by  the 
Obstetric  Section  of  the  Ninth  International  Medical  Congress  held  in 
Washington,  D.C.,  September,  1887. 


It  is  well  written,  excellently  illustrated,  and  fully  up 
t9  date  in  every  respect.  Here  we  find  all  the  essentials  of 
Obstetrics  in  a  nutshell.  Anatomy,  Embryology,  Physi- 
ology, Pregnancy,  Labor,  Puerperal  State,  and  Obstetric 
Operations  all  being  carefully  and  accurately  described. — 
Buffalo  Medical  and  Surgical  Journal. 

It  is  clear  and  concise.  The  chapter  on  the  develop- 
■lent  of  the  ovum  is  especially  satisfactory.  The  judicious 


use  of  bold-faced  type  for  headings,  and  italics  for  in»p»r- 
tant  statements,  gives  the  book  a  pleasing  typographical 
appearance. — Medical  Record. 

This  volume  is  done  with  a  masterly  hand.  The 
scheme  is  an  excellent  one.  .  .  .  The  whole  is  freely 
and  most  admirably  illustrated  with  well-drawn,  new 
engravings,  and  the  book  is  of  a  very  convenieat  size.— 
St.  Lmiis  Medical  and  Surgical  Journal. 
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DIPHTHERIA: 

Croup,  Tracheotomy,  --  Intubation. 

FROM   THE   FRENCH   OF  A.   SANNE. 

TRAKSLATKD   AND   ENLARGED    BY 

HEXRV    Z.    QILL,    XI. D.,    LL.D. 


United  States.     Canada  (^duty  paid).     Great  Britain.        France. 

Net  Prlw,  Post-taid,  CT.r.h.    -       -  $iOO.  $tiO.  £.0.1Ss.      ■  21  fr.  60 

Leatisr,    -        5.00.  5.50.  1.  Is.        30  fr.  30 


The  above  work.  reoeriTly  issued,  is  a  translation  from  the  French  of  Saxxe's  great 
■work  on  ■■Diphtheiia,"  bv  H.  Z.  Giii.  lace 'Professor  of  Sargery  in  Cleveland.  Ohio. 

Sa^tte  s  work  is  qnoted,  directly  or  indirectly,  by  every  writer  since  its  publication, 
le  the  hiiihest  authority,  statistically,  theoretically,  and  practically.  The  translator, 
iiaving  ^iven  special  study  to  the  subject  for  many  years,  has  added  over  fifty  pages,  in- 
cluding "tie  Sturgicai  Anatomy,  Intubation,  and  the  recent  progress  in  the  branches 
treate-l  down  to  the  rresent  date :  making  it.  beyond  q^uestion,  the  most  complete  work 
exti:::  :-i  t-t  ;v.:  t::    :"  T^.  ii.lrriA  -.i  :he  English  language.- 

7  .: -;  :if  :l:^t-     ;     ^  :    ._;1  :.     rv  fine  Colored  Lithograph  Plate  of  the  parts  con- 

:rr:  f '.   -  t:  ,.:::_        .'iz: :  L-  -^s    ::  iHnstration  of  a  cast  of  the  entire  Trachea,  and 

::  :  .T  :    /  ::     :  :  z::j.    .:   ;;    v.     z    :.e  piece,  taken  from  a  photograph  of  a  case 

-  — _    _  :Lt     -5:  —  ;  fz"  T.-T^  V  v.;  lize  :::m  a  patient  sixteen  years  old.     This  is  the 

most  com" -tTt  ;.,-:  ::  ;-i"  :ir:-  rried. 

Ovei  z:  "  ::J.T_  z  . -.:  :i:z~  ;:  the  surgical  anatomy  of  instruments,  etc.,  add  to  the 
practical  va^ue  of  the  work. 

Diphtheria  having  become  such  a  prevalent,  wide-spread,  and  fatal  disease,  no 
general  practitioner  can  afford  to  be  without  this  work.  It  will  aid  in  preventive  meas- 
ures, stimulate  promptness  in  the  application  of,  and  efficiency  in,  treatment,  and 
mo<ierate  the  extravagant  views  which  have  been  entertained  regarding  certain  specifics 
in  the  disease  Diphtheria. 

A  fall  Index  accompanies  liie  enlarged  volume,  also  a  List  of  Authors,  making 
altogether  a  verv  handsome  illustrated  volume  of  over  680  pages. 


In  this  book  we  have  a  complete  review  and  Sanne's  work  is  quoted,  directly  or  indirectly, 

oompendinm  of  an  worth  preservii^  that  has  hitherto  '  by  many  writers  since  its  publication,  as  the  highest 

hem  said  or  wiittai  conceming  diphtheria  and  the  '  authority,    statistically,    theoretically,   and    practi- 

kindred  subjects  treated  of  by  our  amhw,  collated,  j  cally.     The  translator,  having  given  special  studjr 

ananged,  and  commented  on  by  both  antlxK'  and  I  to  the  subject  for  many  years,  has  added  over  fifty 

translator.    The  subject  of  intubatios,  so  recently  j  pages,  in^uding  the  surgical  anatomy,  intubation, 

revived  io  thi?;  country,  receives  a  very  carefbl  and  I  and  the  -  recent  progress  in  the  branches   treated, 

impartial  discission  at  the  tiJ"^g  of  tbf  translator,  i  down  to  the  present  date ;  making  it,  beyond  ques- 

and  a  most  valuable  chapter  on  the  prophylaxis  of  '  tion,  the  most  complete  work  extant  on  the  subject 

diphtheria  and  croup  closes  the  volume.  }  of  diphtheria  in  the  English  language.     Diphtheria 

His  notes  are  fteqnent  and  full,  displaying  deep  '  having  become  such  a  prevalent,  wide-spread,  and 

knowlet^e  of  the  subject-matter.     Altogether  t&  I  fatal  disease,  no  general  practitioner  can  atiord  to 

book  isi  one  that  js  valuable  and  timely,  and  one  be  without  this  work.     It  will  aid  in  preventive 

that  shocdd  be  in  the  iiands  of  every  general  practi-  measure,  stimulate  promptness  in  application  of.  and 

tioner.— ^.  Laais  Med.  and  Surgical  ymirKal.  efficioicy  in,  treatuient. — Smtth^rn  Praciiiianer. 

i\WM\  mm\  m  wmi  m\\ 

By  MART  OLM3TKD  STAXTOX. 


Copiously  XUustrated.  Tvro   Large   Octavo   Volumes. 

fniied  States.       Ciniia    iatytald  .       Great  Britjia.  FniC'^a. 

Price,  p«r  Toltune,  Clotla.  S5.00  So.  50  £l.ls.  30  fr.  SO 

«  "  Sheep,  6.00  6.60  1.6s.  36  fr.  40 

"  "  Half-Kussia,  7.00  7.70  1.9s.  43  fr.  SO 

fLOO  DiaooLAi  F02  Cash.    S;Ii  caly  fcj  Sutiserirtioii,  or  sent  direct  on  receipt  of  priee,  siiiz ing  exr-eases  prepaid. 


The  author,  Mrs.  Mary  O.  Stanton,  has  given  over  twenty  years  to  the  preparation  of  this  work.  Her 
style  is  essy,  and,  by  her  happy  method  of  illustration-  of  every  point,  the  book  reads  like  a  liovel,  and 
■lesnorizes  itseli  To  physicians  the  diagnostic  information  conveyed  is  invaluablel  To  the  general 
reader  each  page  opens  a  new  train  of  ideas.     (This  book  has  no  reference  whatever  to  Phrenology.) 
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A.    TREATISE 

Materia  Medica,  Pharmacology,  i  Therapeutics. 

dOHN  \J.  SHOEMAKER,  A.M.,   M.D., 

Professor  of  Materia  Medica,  Pharniacolc>gy,  and  Iterapeatics  in  the  Medio-Ctirurgical  College  of  Phila- 
delphia, and  Member  American  Medical  Assc«iation, 

dOHN    AULDE,    M.D., 

Seaionstiator  of  Clinical  Medicine  and  of  Physical  Diagnosis  ia  the  Medico-CMmrgical  CoQege  of  Fbi]»- 

delphia,  and  Member  American  Medical  Association. 


IN  TWO  HANDSOME  ROYAL  OCTAVO  VOLUMES. 

3fET  PKICZS,  per  Volxune,  in  TJnited  States:  Clotlx,  83.30:  Sheep,  «3.25.     In  Canada 

(duty  paid   :  Cloth,  )«3.75  ;  Sheep,  S3. .3.5.     In  Great  Britain:  Cloth,  lis.  3d.  : 

Sheep,  14s.  6d.    In  Pranee  :  Cloth,  16  fr.  20  :  Sheep,  20  fr.  20. 


THE  Publiiher  takes  pleasure  in  annoi ::.::.=.•  :li:  ""ti":"  I  ::"  :!:■  -.:  ;■-/.--": -/r-'I-:':- 
"Work  is  NO'S"  P.ZADT,  and  that  tiie  utr:::-:  L..:^-^:.:^  ~:.^  ;^-rr  :.-■  .:,  ::-.-:..—.::. 
Ae  greatest  rapidity,  and  in  regular  order  c:  re>e;p:,  lii^i  i^v:.-l:-=i':.;^  ^:;:.iii  i^i^tt  i^T.-a.:.!.^ 
its  publication. 

The  general  plan  of  the  work  embraces  three  parts,  each  of  vrhich  is  practically  inde- 
pendent of  the  other,  as  mil  be  understood  from  the  ;  : :  :^~  ;  r.  t  :  -alysis,  and  of  which 
Parts  I  and  II  are  contained  in  the  volume  now  ant : ;  :i  t       :^  —ever,  is  not  the  only 

advantage  accruing  from  the  preparation  of  the  work  il  r~ :  ;  _r?.   Each  volume  will 

Aus  be  much  smaller  and  more  convenient  to  handle,  wLLt  Ht  nay  wish  to  secure  a 
particular  portion  of  Ae  work,  and  to  them  the  cost  is  lesiriCT: 

Several  blank  sheets  of  closely -ruled  letter-paper  are  ::_;r— r  _  it  convenient  places  in 
lie  work,  thus  rendering  it  available  for  the  student  and  tIj;:;::^.!.  to  add  vaitxaole  notes 
concerning  new  remedies  and  other  important  matters. 

Pabt  I  embraces  three  subdivisions,  as  follow : — 

Urst.  A  brief  synopsis  upon  the  subject  of  pharmacy,  in*which  is  given  a  clear  and 
concise  description  of  the  operations  and  preparations  taken  into  account  by  the  physician 
when  prescribing  medicine,  together  with  some  practical  sugg^ions  regarding  the  mfvst 
desirable  methods  for  securing  efficiency  and  paiatability. 

Second.  A  Classification  of  Me-iicines  is  presented  under  the  head  of  "  General  Phar- 
macology and  Therapeutics,"  with  a  view  to  indicate  more  esf»ecially  the  methods  by 
which  the  economy  is  affected.  Thus,  there  are  Internal  and  Esternal  Remedies,  and, 
besides,  a  class  termed  Chemical  Agents,  including  Antidote,  Disinfectants,  and  Anti- 
septics, an.i  an  explanatorv  note  is  appended  to  each  group,  as  in  the  case  of  Alteratives, 
Antipyretics,  Antispasmodics,  Purgatives,  etc. 

Third.  A  Summary  has  been  prepared  upon  Therapeutics,  covering  methods  of 
Administration,  Absorption  and  Elimination,  Incompatibility,  Prescription-WTiting,%  and 
Dietary  for  the  Sick,  iiiis  section  of  the  work  embracing  nearly  one  hundred  and  .SSty 
pages. 

Paet  II  is  devoted  to  "Eemedies  and  Piemedial  Agents  Not  Properly  Classed  with 

Drugs/'  and  includes  elaborate  articles  upon  the  following  top-ics :  Electro-Therapy, 
Hydro-Therapy,  Masso-Therapy,  Heat  and  Cold,  Oxygen.  Mineral-Watei?.  and.  in  addi- 
tion thereto,  other  subjects,  perhaps  of  less  significance  to  the  practitioner,  such  as  Clima- 
tology, Hypnotism  and  Suggestion,  MetaY:  -n-ri-T.  Transfusion,  and  Batmscheidtismus. 
have  received  a  due  share  oi  attention.  T-ci;  -r:r::z  of  the  work  embraces  over  twohtm- 
dred  pages,  and  will  be  fotmd  especially  valaaole  to  the  student  and  recent  graduate,  as 
^ese  articles  are  folly  abreast  of  the  times. 

VoLUiCE  n,  which  is  Part  III  of  the  work,  is  wholly  taken  up  with  the  consideration 
of  drugs,  each  remedy  being  studied  from  three  r»oints  of  view,  viz..  the  Preparations,  or 
Materia  Medica;  the  Physiology  and  Toxicology,  or  Pharmacology,  and,  lastly,  its 
Therapy.     It  wtll  be  Eeai-t  Asotrr  ilAT  1,  1890. 

The  typography  of  the  work  will  he  found  clean,  sharp,  and  easily  read  without 
injury  to  the  visual  organs,  and  the  bold-face  type  interepersed  throughout  the  text  make? 
the  different  subjects  discussed  quick  of  reference.  The  pap»er  and  binding  will  also  be  up 
*o  the  standard,  and  noilmig  will  be  left  undone  to  m^e  the  work  first-class  in  every 
partictilar. 
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A  TEXT-BOOK  FOR  VETERINARY  AND  MEDICAL 
STUDENTS  AND  PRACTITIONERS. 


ROBERT  MEADE  SMITH,  A.M.,  M.D., 

Professor  of  Comparative  Physiology  in  University  of  Pennsylvania  ,•■  Fellow  of  the  College  of  Physicians 

and  Academy  of  the  Natural  Sciences,  Philadelphia  ;  of  the  American  Physiological 
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Fig.  117. — Parotid  and  Submaxillary  Fistula  in  the  Horse,  after  Colin. 

[Thanhoffer  and  Torinay.) 
K,  K',  rubter  bulbs  for  collecting  saliva;  cs,  cannula  in  the  parotid  duct. 


In  One  Handsome  Royal  Octavo  Volume  of  over  950  Pages,  Pro- 
fusely Illustrated   -with   more   than   400   Pine   Wood- 
Engravings  and  many  Colored  Plates. 


NET  PRICES,  CLOTH, 
SHEEP, 


United  States. 

.    $5.00 
.      6.00 
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'T'HIS  new  and  important  work,  the  most  thoroughly  complete  in  the  English  language 
on  this  subject,  has  just  been  issued.  In  it  the  physiology  of  the  domestic  animals 
is  treated  in  a  most  comprehensive  manner,  especial  prominence  being  given  to  the  sub- 
ject of  foods  and  fodders,  and  the  character  of  the  diet  for  the  herbivora  under  different 
conditions,  with  a  full  consideration  of  their  digestive  peculiarities.  Without  being  over- 
burdened with  details,  it  forms  a  complete  test-book  of  physiology,  adapted  to  the  use  of 
students  and  practitioners  of  both  veterinary  and  human  medicine.  This  work  has  already 
been  adopted  as  the  Text-Book  on  Physiology  in  the  Veterinary  Colleges  of  the  United 
States,  Great  Britain,  and  Canada. 
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The  work  throughout  is  well  balanced. 
Broad,  though  not  encyclopsedic,  concise 
without  sacrificing  clearness,  it  combines 
the  essentials  of  a  successful  text-book.  It 
is  eminently  modern,  and,  although  first  in 
the  field,  is  of  such  grade  of  excellence  that 
successors  must  reach  a  high  standard  be- 
fore they  become  competitors. — Annals  of 
Surgery. 

Dr.  Smith  has  conferred  a  great  benefit 
upon  the  veterinary  profession  by  his  con- 
tribution to  their  use  of  a  work  of  immense 
value,  and  has  provided  the  American  vet- 
erinary student  with  the  only  means  by 
which  he  can  become  properly  familiar  with 
the  physiology  of  our  domestic  animals. 
■  Veterinary  practitioners  and  graduates  will 
read  it  with  pleasure.  Veterinary  students 
will  readily  acquire  needed  knowledge  from 
its  pages,  and  veterinary  schools  which 
would  be  well  equipped  for  the  work  they 
aim  to  perform  cannot  ignore  it  as  their 
text-book  in  physiology. — American  Veteri- 
nary Itevieiv. 

Dr.  Smith's  presentment  of  his  subject 
is  as  brief  as  the  status  of  the  science  per- 
mits, and  to  this  much-desired  conciseness 
he  has  added  an  equally  welcome  clearness 
of  statement.  The  illustrations  in  the  work 
are  exceedingly  good,  and  must  prove  a 
valuable  aid  to  the  full  understanding  of 
the  text. — Journal  of  Comparative  Medicine 
and  Surgery. 

AVe  have  examined  the  work  in  a  great 
many  particulars,  and  find  the  views  so 
correct,  where  we  have  had  the  means  of 
comparison  of  statements  with  those  of  some 
recognized  authority,  that  we  will  be  com- 
pelled hereafter  to  look  to  this  work  as  the 
text-book  on  phj'siology  of  animals.  The 
book  will  prove  of  incalculable  benefit  to 
veterinarians  wherever  they  may  be  found ; 
and  to  the  country  f)hysician,  who  is  often 
called  upon  to  attend  to  sick  animals 'as 
well  as  human  beings,  we  would  say,  lose 
no  time  in  getting  this  work  and  let  him 
familiarize  himself  with  the  facts  it  con- 
tains.—  Virginia  Medical  Monthly. 

Altogether,  Professor  Smith's  "  Physi- 
ology of  the  Domestic  Animals"  is  a  happy 
production,  and  will  be  hailed  with  delight 
in  both  the  human  medical  and  veterinary 
medical  worlds.  It  should  find  its  place 
besides  in  all  agricultural  libraries. — Paul 
Paquin,  M.D.,  V.S.,  in  the  Weekly  Medical 
Review. 

It  may  be  said  that  it  supplies  to  the 
veterinary  student  the  place  in  physiology 
that  Chauveau's  incomparable  work — "  The 
Comparative  Anatomy  of  the  Domesticated 
Animals" — occupies  in  anatomy.  Higher 
jiraise  than  this  it  is  not  possible  to  bestow. 
And  since  it  is  true  that  the  same  laws  of 
y.ihysiology  which  are  applicable  to  the  vital 
jirocess  of  the  domestic  animals  are  also  ap- 
plicable to  man,  a  perusal  of  this  carefully 
writtf-n  book  will  repay  the  medical  student 
or  practitioner. — Canadian  Practitioner. 
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The  work  before  us  fills  the  hiatus  of 
which  complaint  has  so  often  been  made, 
and  gives  in  the  compass  of  less  than  a 
thousand  pages  a  very  full  and  complete 
account  of  the  functions  of  the  body  in  both 
carnivora  and  herbivora.  The  author  has 
judiciously  made  the  nutritive  functions  the 
"strong  point  of  the  work,  and  has  devoted 
special  attention  to  the  subject  of  foods  and 
digestion.  In  looking  through  the  other 
sections  of  the  work,  it  appears  to  us  that  a 
just  proportion  of  space  is  assigned  to  each, 
in' view  of  their  relative  importance  to  the 
practitioner.  Thus,  while  the  subject  of  re- 
production is  dismissed  in  a  few  pages,  a 
chapter  of  considerable  length  is  devoted 
to  locomotion,  and  especially  to  the  gaits  of 
the  horse. — London  Lancet. 

This  is  almost  the  only  work  of  the  kind 
in  the  English  language,  and  it  so  fully 
covers  every  detail  of  general  and  special 
physiology  that  there  is  no  room  for  any 
rival.  The  excellence  of  typographical 
work,  and  the  wealth,  beauty,  and  clear- 
ness of  the  illustrations,  correspond  with 
the  thoroughness  and  clearness  of  the 
treatise. — Albany  Medical  Annals. 

It  is  not  often  that  the  medical  profes- 
sion has  the  opportunity  of  reading  a  new 
book  upon  a  new  subject,  and  doubtless 
English-speaking  physicians  will  feel  grate- 
ful to  Professor  Smith  for  his  admirable 
and  pioneer  work  in  a  branch  of  medical 
science  upon  which  a  great  amount  of  ignor- 
ance prevails.  .  .  .  The  last  portion  of 
the  work  is  devoted  to  the  reproductive 
functions,  and  contains  much  valuable  in- 
formation upon  a  portion  of  animal  physi- 
ology concerning  which  many  are  ignorant. 
The  book  is  a  valuable  one  in  every  way, 
and  will  be  consulted  largely  by  veterinary 
and  medical  students  and  practitioners. — 
Buffalo  Medical  and  Surgical  Journal. 

The  appearance  of  this  work  is  most  op- 
portune. It  will  be  much  appreciated,  as 
tending  to  secure  the  thorough  comprehen- 
sion of  function  in  the  domesticated  ani- 
mals, and,  in  consequence,  their  general 
well-being — a  matter  of  world-wide  impor- 
tance. With  a  thorough  sense  of  gratifica- 
tion we  have  perused  its  pages :  throughout 
we  find  clear  expression,  clear  reasoning, 
and  that  patient  accumulation  of  facts  so 
valuable  in  a  text-book  for  students. — ■ 
British  Medical  Journal. 

For  notice  this  time,  I  take  up  the  vol- 
ume on  the  "  Physiology  of  the  Domestic 
Animals,"  by  Dr.  R.  Meade  Smith,  a  volume 
of  93S  pages,  closely  printe4,  and  dealing 
with  its  subject  in  a  manner  sufficiently  ex- 
haustive to  insure  its  place  as  a  text-book 
for  fifteen  years  at  the  very  least.  Its 
learning  is  only  equaled  by  its  industry, 
and  its  industry  by  the  consistency  and 
skill  with  which  its  varied  parts  are  brought 
together  into  harmonious,  lucid,  and  in- 
tellectual unity. — Dr.  Benjamin_  Ward 
Richardson,  in  the  London  Asclepiad. 
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extra  blank  leaves.  Elegantly  printed,  with  red  lines,  edges,  and  borders  ;  with  illustrations.  Bound 
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TPM  DPAQriMQ   WHY  EVERY  MEDICAL  MAN  SHOULD  POSSESS  A  COPY  OF 

I  cn  ncMOuno     the  international  pocket  medical  formulary. 

1.     Because  it  is  a  handy  book  of  reference,  replete  with  the  choicest  formulae   (over  1800  in  number)  of 
more  than  six  hundred  of  the  most  prominent  classical  writers  and  modern  practitioners. 

3.  Because  the  remedies  given  are  not  only  those  whose  efficiency  has  stood  the  test  of  time,  but  also  the 
newest  and  latest  discoveries  in  pharmacy  and  medical  science,  as  prescribed  and  used  by  the  best- 
known  American  and  foreign  modern  authorities. 

3.  Because  it  contains  the  latest,  largest  (66  formulae)  and  most  complete  collection  of  hypodermic  formulae 

(including  the  latest  new  remedies)  ever  published,  with  doses  and  directions  for  their  use  in  over 
fifty  different  diseases  and  diseased  conditions.  j 

4.  Because  its  appendix  is  brimful  of  information,  invaluable  in  office  work,  emergency  cases,  and  the 

.  daily  routine  of  practice. 

6.  Because  it  is  a  reliable  friend  to  consult  when,  in  a  perplexing  or  obstinate  case,  the  usual  line  of  treat- 
ment is  of  no  avail.  (A  hint  or  a  help  from  the  best  authorities,  as  to  choice  of  remedies,  correct 
dosage,  and  the  eligible,  elegant,  and  most  palatable  mode  of  exhibition  of  the  same.) 

6.  Because  it  is  compact,  elegantly  printed  and  bound,  well  illustrated,  and  of  convenient  size  and  shape 

for  the  pocket. 

7.  Because  the  alphabetical  arrangement  of  the  diseases   and  a  thumb-letter  index  render  reference  rapid 

and  easy. 
8>   Because  blank  leaves,  judiciously  distributed  throughout  the  book,  afford  a  place  to  record  and  index 
favorite  formulae. 

9.  Because, as  a  student,  he  needs  it  forstudy,  collateral  reading,  and  for  recording  the  favorite  prescriptions 

of  his  professors,  in  lecture  and  clinic ;  as  a  recent  graduate,  he  needs  it  as  a  reference  hand-book  for 
daily  use  in  prescribing  (gargles,  nasal  douches,  inhalations,  eye-washes,  suppositories,  incompatibies, 
poisons,  etc.)  ;  as  an  old  practitioner,  he  needs  it  to  refresh  his  memory  on  old  remedies  and  combi- 
nations'and  for  information  concerning  newer  remedies  and  more  modern  approved  plans  of  treatment. 

10.  Because  no  live,  progressive  medical  man  can  afford  to  be  without  it. 


It  is  sometimes  important  that  such  prescriptions  as 
have  been  well  established  in  their  usefulness  be  preserved 
for  reference,  and  tlii.s  little  volume  serves  such  a  purpose 
better  than  any  other  we  have  seen.— Cotemfews  Medical 
Journal. 

Without  doubt  this  book  is  the  best  one  of  its  class 

that  we  have  ever  seen The  printing,  binding, 

and  general  appearance  of  the  volume  are  beyond  praise.— 
TIniversity  Medical  Magazine. 

It  may  be  possible  to  get  more  crystallized  knowledge 
in  an  equally  small  space,  but  it  does  not  seem  probable.— 
Medical  Classics.     " 

A  very  handy  and  valuable  book  of  formulae  for  the 
physician's  pocket.— S«.  Louis  Medical  and  Surg.  .Tournal. 

This  little  pocket-book  contains  an  immense  number 
of  prescriptions  taken  from  high  authorities  in  this  and 
other  aouxitTiea.— Northwestern  Lancet. 

This  one  is  the  most  complete  as  well  as  the  most 
conveniently  arranged  of  any  that  have  come  under  our 
attention.  The  diseases  are  enumerated  in  alphabetical 
order,  and  for  each  the  latest  and  most  approved  remedies 
from  the  ablest  authorities  are  prescribed.  The  book  is  in- 
dexed entirely  through  after  the  order  of  the  first  pages  of 
a  ledger,  the  index  letter  being  printed  on  morocco  leather 
and  thereby  made  very  durable.— fa'-i/JC  Medical  .Journal. 

It  is  a  book  desirable  for  the  old  practitioner  and  for 
his  younger  brothers  as  well.— S(.  .Toseph  Medical  Herald. 


As  long  as  "  combinations  "  arc  sought  such  a  book 
will  be  of  value,  especially  to  those  who  cannot  spare  the 
time  required  to  learn  enough  of  incompatibilities  before 
commencing  practice  to  avoid  writing  incompatible  and 
dangerous  prescriptions.  The  constant  use  of  such  a  book 
by  such  preseribers  would  save  the  pharmacist  much 
nnxietj.— The  Druggvits'  Circular. 

In  judicious  selection,  in  accurate  nomenclature.  111 
arrangement,  and  in  style  it  leaves  nothing  to  be  desired. 
The  editor  and  the  publisher  are  to  be  congratulated  on  the 
production  of  the  very  best  book  of  its  class.— PMshiirgh 
McAical  Eemnc. 

One  must  see  it  to  realize  how  much  information  can 
be  got  into  a  work  of  so  little  hvXk.— Canada  Medical 
Record. 

To  the  voung  physician  just  starting  out  m  practice 
this  little  book  will'  prove  an  acceptable  companion.— 
Omaha  Clinic.  .     ,   ,  ,    ,  riM  ■ 

The  want  of  to-day  is  crystallized  knowledge,  ibis 
neat  little  volume  contains  in  it  the  most  accessible  form. 
It  is  bound  in  morocco  in  iwcket  form,  with  alphabetical 
divisions  of  diseases,  so  that  it  is  possible  to  turn  instantly 
to  the  remedy,  whatever  may  be  the  disorder  or  wherever 

the  patient  may  be  situated To  the  physician 

it  is  invaluable,  and  others  should  not  be  without  it.  W  e 
heartily  commend  the  work  to  our  readers.— Mm neso/a 
Medical  Journal. 
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Willie  the  author  has  prepared  this  worli  especially  for  students,  sufficient  de- 
scriptive matter  has  been  added  to  render  it  extremely  valuable  to  the  busy  practitioner, 
particularly  the  sections  on  the  Viscera,  Special  Senses, 
and  Surgical  Anatomy. 

The  work  includes  a  complete  account  of  Osteology, 
Articulations  and  Ligaments,  Muscles,  Fascias,  Vascular 
and  Nervous  Systems,  Alimentary,  Vocal,  and  Respiratory 
and  Genito-Urinary  Apparatuses,  the  Organs  of  Special 
Sense,  and  Surgical  Anatomy. 

In  addition  to  a  most  carefully  and  accurately  prepared 
text,  wherever  i)ossible,  the  value  of  the  work  has  been 
enhanced  by  tables  to  facilitate  and  minimize  the  labor  of 
students  in  acquiring  a  thorough  knowledge  of  this  impor- 
tant subject.  The  section  on  the  teeth  has  also  been 
especially  prepared  to  meet  the  requirements  of  students 
of  Dentistry. 

In  its  preparation,  Gray's  Anatomy  [last  edition], 
edited  by  Keen,  being  the  anatomical  work  most  used,  has 
been  taken  as  the  standard. 


Anatomy  is  a  theme  that  allows  such  concen- 
tration better  than  most  medical  subjects,  and,  as 
the  accuracy  of  this  little  book  is  beyond  question, 
its  value  is  assured.  As  a  companion  to  the  dis- 
secting-table,  and  a  convenient  reference  for  the 
practitioner,  it  has  a  definite  field  of  usefulness. — 
Piftsbtirgh  Medical  Review. 

This  is  a  verjr  carefully  prepared  compend  of 
anatomy,  and  will  be  useful  to  students  for  college 
or  hospital  examination.  There  are  some  excellent 
tables  in  the  work,  particularly  the  one  showing  the 
origin,  course,  distribution,  and  functions  of  the 
cranial  nerves. — Medical  Record. 

Dr.  Young  has  compiled  a  very  useful  book. 
We  are  not  inclined  to  approve  of  compends  as  a 
general  rule,  but  it  certainly  serves  a  good  purpose 
to  have  the  subject  of  anatomy  presented  in  a  com- 
pact, reliable  way,  and  in  a  book  easily  carried  to 
the  dissecting-room.  This  the  author  has  done. 
The  book  is  well  printed,  and  the  illustrations  well 
selected.  If  a  student  can  indulge  in  more  than  one 
work  on  anatomy, — for,  of  course,  he  must  have  a 
general  treatise  on  the  subject, — he  can  hardly  do 
better  than  to  purchaLse  this  compend  It  will  save 
the  larger  work,  and  can  always  be  with  him  during 
the  hours  of  dissection, — Buffalo  Medical  and 
Surgical  Journal. 


Excellent  tables  have  been  arranged,  which 
tersely  and  clearly  present  important  anatomical 
facts,  and  the  book  will  be  found  very  convenient 
for  ready  reference.— Co/a7«^Mj  Medical  jTournal. 

The  book  is  much  more  satisfactory  than  the 
"remembrances"  in  vogue,  and  yet  is  not  too  cum- 
bersome to  be  carried  around  and  read  at  odd 
moments— a  property  which  the  student  will  readily 
appreciate.  —  Weekly  Medical  Review. 

If  a  synopsis  of  human  anatomy  maj^  serve  a 
purpose,  and  we  believe  it  does,  it  is  very  important 
that  the  synopsis  should  be  a  good  one.  In  this 
respect  the  above  work  may  be  recommended  as  a 
reliable  guide.  Dr.  Young  has  shown  excellent 
judgment  in  his  selection  of  illustrations,  in  the 
numerous  tables,  and  in  the  classification  of  the 
various  subjects.  — 7%£'r«/t'«i'/<r  Gazette. 

Every  unnecessary  word  has  been  e.xcluded,  out 
of  regard  to  the  very  limited  time  at  the  medical 
student's  disposal.  It  is  also  good  as  a  reference 
book,  as  it  presents  the  facts  about  which  he  wis-hes 
to  refresh  ^is  memory  in  the  briefest  manner 
consistent  with  clearness.  —  New  York  Medical 
yournal 

It  is  certainly  concise  and  accurate,  and  should 
be  in  the  hands  of  every  student  and  practitioner. — 
The  Medical  Brief. 
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We  venture  to  say  that  all  who  saw  the  Annual  as  it  appeared  in  1888  were  on  the 
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times.  With  so  much  that  is  worthy  of  notice  incorporated  in  one  work,  and  each  depart- 
ment written  up  with  a  minuteness  and  thoroughness  appreciated  particularly  by  the 
specialist,  it  would  avail  nothing  to  cite  particular  instances  of  progress.  Let  it  be  suffi- 
cient to  say,  however,  that  while  formerly  there  was  a  possible  excuse  for  not  having  the 
latest  information  on  matters  pertaining  to  the  medical  sciences,  there  can  no  longer  be 
such  an  excuse  while  the  Annual  is  published. — Journal  of  the  American  Medical 
Association. 

We  have  before  us  the  second  issue  of  this  Annual,  and  it  is  not  speaking  too 
strongly  when  we  say  that  the  series  of  five  volumes  of  which  it  consists  forms  a  most 
important  and  valuable  addition  to  medical  literature. 

Great  discretion  and  knowledge  of  the  subjects  treated  of  are  required  at  the  hands 
of  those  who  have  taken  charge  of  the  various  sections,  and  the  manner  in  which  the 
gentlemen  who  were  chosen  to  fill  the  important  posts  of  sirb-editors  have  acquitted 
themselves  fully  justifies  the  choice  made.  We  know  of  no  branch  of  the  profession  to 
which  this  Annual  could  fail  to  be  useful.  Dr.  Sajous  deserves  the  thanks  of  the  whole 
profession  for  his  successful  attempt  to  facilitate  the  advance  of  medical  literature  and 
practice. — London  Lancet. 

This  very  valuable  yearly  report  of  the  progress  of  medicine  and  its  collateral 
sciences  throughout  the  world  is  a  work  of  very  great  magnitude  and  high  importance. 
It  is  edited  by  Dr.  C.  E.  Sajous,  assisted,  it  is  stated,  by  seventy  associate  editors,  whose 
names  are  given,  making  up  a  learned  and  most  weighty  list.  Their  joint  labors  have 
combined  to  produce  a  series  of  volumes  in  which  the  current  progress  throughout  the 
world,  in  respect  to  all  the  branches  of  medical  science,  is  very  adequately  represented. 
The  general  arrangements  of  the  book  are  ingenious  and  complete,  having  regard  to 
thoroughness  and  to  facility  of  bibliographical  reference. — British  Medical  Journal. 
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The  editor  and  publishers  of  the  Annual  of  the  Universal 
Medical  Sciences  take  this  opportunity  to  thank  its  numerous  friends 
and  patrons  for  the  liberal  support  accorded  it  in  the  past,  and  to 
announce  its  publication,  as  usual,  in  1890.  Recording,  as  it  does,  the 
progress  of  the  world  in  medicine  and  surgery,  its  motto  continues  to 
be,  as  in  the  past,  "  Improvement,"  and  its  friends  may  rest  assured  that 
no  etfort  will  be  spared,  not  only  to  maintain,  but  to  surpass,  the  high 
standard  of  excellence  already  attained. 

The  Subscription  Price  will  be  the  same  as  last  year's  issue  and 
the  issue  of  1888. 
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It  is  now  generally  conceded  that  the  nervous  system  controls  all  of  the  physical 
functions  to  a  greater  or  less  extent,  and  also  that  most  of  the  symptoms  encountered  at 
the  bedside  can  be  explained  and  interpreted  from  the  stand-point  of  nervous  physiology. 

The  unprecedented  sale  of  this  work  during  the  short  period  which  has  elapsed  since 
its  publication  has  already  compelled  the  publishers  to  printa  second  edition,  which  is 
already  nearly  exhausted. 


We  are  glad  to  note  that  Dr.  Ranney  has  pub- 
lished in  c:iok  form  his  admirable  lectures  on  nervous' 
diseases.  His  book  contains  over  seven  hundred 
large  pages,  and  is  profusely  illustrated  with  origi- 
nal diagrams  and  sketches  in  colors,  and  v/ith  many 
carefully  selected  wood-cuts  and  reproduced  photo- 
graphs of  typical  cases.  A  large  amount  of  valua- 
ble information,  not  a  little  of  which  has  but  recently 


appeared  in  medical  literature,  is  presented  in  com- 
pact form,  and  thus  made  easily  accessible.  In  our 
opinion.  Dr.  Ranney's  book  ought  to  meet  with  a 
cordial  reception  at  the  hands  of  the  medical  pro- 
fession, for,  even  though  the  author's  views  may  be 
sometimes  open  to  question,  it  cannot  be  disputed 
that  his  work  bears  evidence  of  scientific  method  and 
honest  opinion. — American  Journal  of  Insanity. 
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'Since  the  publisher  brought  this  vakiable  work  before  the  profession,  it  has  become: 
1st,  the  text-booh  of  a  large  number  of  colleges;  Sd,  the  reference-book  of  the  U.  S.  Army. 
Navy,  and  the  Marine  Service ;  and,  3d,  an  important  and  valued  addition  to  the  libraries 
of  over  7000  physicians. 

This  book  has  not  only  the  inherent  merit  of  presenting  a  clear  expose  of  the  subject, 
but  it  is  written  with  a  view  to  enable  the  general  practitioner  to  treat  his  cases  himself. 
To  facilitate  diagnosis,  colored  plates  are  introduced,  showing  the  appearance  of  the  differ- 
ent parts  in  the  diseased  state  as  they  appear  in  nature  by  artificial  light.  No  error  can 
thus  be  made,  as  each  affection  of  the  nose  and  throat  has  its  representative  in  the  100 
chromo-lithographs  presented.  In  the  matter  of  treatment,  the  indications  are  so  complete 
that  even  the  slightest  procedures,  folding  of  cotton  for  the  forceps,  the  use  of  the  [irobe, 
etc.,  are  clearly  explained. 


It  is  intended  to  furnish  the  general  practitioner 
not  only  with  ?  guide  for  the  treatment  of  diseases  of 
the  nose  and  throat,  but  also  to  place  before  him  a 
representation  of  the  normal  and  diseased  parts  as 


they  would  appear  to  him  were  they  seen  in  the 
living  subject.  As  a  guide  to  the  treatment  of  the 
nose  and  throat,  we  can  cordially  recommend  thii 
work. — Boston  Medical  and  Surgical  Journal. 
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